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The Familiar Lectures contained in the following pages 
have been delivered at various times, and upon different 
occasions; some of them at the Training Colleges of 
St. John's, Battersea, and Whitelands, Chelsea, where 
intelligent and appreciative audiences for such kinds of 
teaching are always to be found They are now arranged 
in a connected and consecutive order, and committed to 
print, in the hope that in this form they may have a still 
wider usefulness. 
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LECTURE I. 

The Properties and Physiological Uses of Water. 

Two thousand five hundred years ago, an eminent philo- 
sopher and teacher* held that water was the foundation of 
everything. He conceived that the earth was supported 
upon water, that heat was generated out of water, and that 
this so familiar liquid was, in reality, the origin of all mate- 
rial substance. It was a part of the conception in this old 
idea, that all animals live by water; or, in other words, that 
the primary food of animated nature is drink. In a cer- 
tain sense, as will presently appear, this early inquirer made 
a very happy approach to a since physically-established 
truth; and he might, indeed, have extended his shrewd 
generalization further than he did, by including plants also 
within the scope of his remark. The notion, however, is 
so interesting, as well as important, in its ultimate results, 
that it is deserving of some further notice here, especially 
as it forms a convenient starting point for the line of 

* Thales of Miletus, a city of Ionia, in As&awlKxCk!:st« 
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thought, which it is proposed to pursue in the following 
lectures. 

Few persons who have made any use of their faculties 
of observation will need to be told that plants cannot live 
without water. The green leaves of the trees and the fields 
obviously wither and die when the rain does not fall, and 
when the ground becomes parched and dry. But it is not 
every one who is aware of the full meaning of the diiference 
when the rain does fall in abundance, and when the leaves 
are, in consequence, kept vigorous and green. The water 
first moistens the surface of the ground. It is then sucked 
into the loose porous soil, until it saturates this thoroughly 
to a considerable depth, and so, sooner or later, envelopes 
in copious moisture the fine rootlets of plants, which are 
branched out as little delicate threads, in its permeable sub- 

These minute threads of the rootlets all end in small, 
thirsty mouths, which are called the spongioles of the roots, 
because they resemble little masses of soft sponge, and 
because they suck up water exactly as sponge would do. 
The imbibing ends of the roots are, it will be understood, 
not really open mouths. They are, compact hard-walled 
tubes, tipped at their extremities with soft, delicate cell 
substance, which is firm and close enough to prevent 
coarse substances, such as grains of sand, from intruding 
into the interior of the tubes, but which is not fine and 
close enough to exclude liquids that are as thin as water, 
from filtering through. The water soaks into the soft, 
spongy mass, just as it may be seen to do into porous 
blotting-paper, and so creeps on into the inner cavities of 
the tubes. This, therefore, is the first thing which happens 
when the rootlets of a living plant are duly supplied with 
water. The liquid passes slowly and gradually, but steadily 
and unceasingly, into the interior channels of the struc- 
ture. The soft, porous spongioles of the roots are, as a 
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matter of fact, only the young-fonning tissue of the plants, 
which has not yet been hardened and rendered impervious 
to the passage of liquid by the full perfection of its growth. 
They are, on this account, often spoken of as the "grow- 
ing points " of the roots. The young, 
tender points of roots are economically 
turned to account as mouths for the 
introduction of water. 

When water is once fairly introduced 
into the interior of a plant, through 
the instrumentality of the absorbing 
spongioles of the roots, it finds itself in 
a connected series of tubes and cavities 
built up out of the matured, or maturing, 
vegetable textures. Some of these are 
constituted by the clustering together 
of little, thin-walled bladders. In such 
case the walls of the bladders are so 
delicate and line, that the water filters 
through them, and creeps along from 
cavity to cavity with the utmost facility ; 
the fine walled and permeable chambers 
are then technically spoken of as vesicles 
(little bladders), or as cells (little chambers).* The appear- 
ance which they present in the external part of a growing 
rootlet is shown in Fig. i. In other instances the cavities, ot 
chambers, are lengthened out, and fitted end to end, with 
either pits, or actual pores, impressed Into the sides of 
the walls, to focilitate the passage of liquid from cavity 
to cavity. This is especially the case with plants that, 
like the vine, have a rapid growth, and a quick movement 
of the sap. 

Very oten the long-pitted chambers are fitted end to 
end with an open perforation passing from one cavity to 
* FTOm the Latin word atta, t, cbamba. 
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(a) tha centnj dnot. 
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the next, so that a free and altogether unimpeded flow 
of the liquid may take place, as through a lengthened out 
|,^ pipe, or tube. 

^^ The entire substance of a living plant 

is penetrated in this way by chambers and 
channels through which liquid can flow, 
and these channels extend from the lowest 
spongioles in the ground to the highest 
leaves stretched out into the air, The 
leaves themselves, indeed, are but a con- 
tinuation of the same kind of structure. 
They are made of layers of cells packed 
end to end, and layer above layer, like 
the bricks in a wall But the cells of the 
E5^M|| leaf have hollow interiors, and thin walls 
|M-'Hc:!l? pf pei-tneable membrane, so that liquid 

Pllf.a,-KttediiiiotB .-, A a <-„■.. ^ 

of tho rtom oi the may glide and flow from cavity to cavity. 

'*"■ In some exceptional instances these 

chambers and tubes of plant substance can be readiiy dis- 
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generally they are so 



k 



cerned by the naked eye. 

small that it requires the skilful 

use of ihe microscope to make 

them out, as they are shown in 

drawings. The representations 

of such structure given in books 

arc almost always taken from 

portions of the plant which, 

after due preparation, have been 

examined by the microscope 

with high magnifying powers. eeOa' " ' '" 

All the ingenious and elaborate contrivance so brought to 

view is, nevertheless, actually employed, in order that water 

may have a ready passage everywhere through the interior 

of a plant, as long as it is a living structure. 

But the next question that presents itself for considera- 
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Uon, is the natural one, of what uhunately becomes of the 
water which thus enters so abundantly into the plant This 
it is very easy to answer. The greater part of it escapes 
out of the leaves in the form of invisible vapour. If a 
clear, bell-shaped glass is covered over a vigorously grow- 
ing plant, standing out in the sunshine, it very soon 
becomes dripping inside with moisture. This is all water, 
which has evaporated out of the leaves of the plant, and 
then been condensed upon the inner surface of the glass. 
The quantity of water that is thrown out in this way by 
living plants, has, in many insUnces, been carefully 
measured. A large sunflower gives off from its leaves, as 
much as thirty ounces, or one pint and a half, every twenty- 
four hours. An acre of grass land pours out as much as 
6400 quarts in the same interval of time. This, however, 
only takes place in sunshine, or daylight. In the darkness of 
night, the evaporation from the leaves altogether, or nearly, 
slops. The action is therefore one of pumping by sun- 
shine. When the 
sun shines upon 
the leaves, they 
pump up water 
from the moist 
ground under q | 
the stimulus of 
some force which 
the sunshine sets 
going. There is, 
indeed, a special 
provision 
in the structure 
of the leaves, to enable this sun-pumping action to be 
carried on. 

The thin walled cells of the leaf, which have been 
described as packed together, layer above layer, to fonn the 





Fig. 4. 
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the pores open M a, and closed at A. 



The water looks almost as clear, after it has united with 
them, as it was before they were mingled with it It is also 
quite as mobile in its nature when in combination with 
them as it is when pure and free from them. Both syrup 
and brine flow much in the same way as water. The water, 
then, which enters the spongioles of the roots, carries 
with it a very considerable, although unseen, load of solid 
food. But the water, which escapes as vapour from the 
transpiring pores of the leaf, is very pure water. What 
therefore has become of the burthen which was carried 
by it into the plant ? It is left there, in the store- 
chambers of the interior, and is used as material for 
building up purposes. 

This, then, is what modern science means when it ex- 
tends tbe doctrine of the old sage of Miletus so far as to say 
that plants live by water. They live by water, because water 
in its ready flow carries in through the quite invisible pores 
of their structure vast loads of food-substance which could 
not be introduced into the small chambers of that structure by 
any less refined and less subtle method of transport. It will 
hereafl:er be seen, that water is also itself a part of the food 
which is used in building up structure, as well as an agent 
of transport. The whole of the water which enters a plant 
by the absorbing spongioles of the roots, does not escape 
into the air through the transpiring pores of the leaves. 
Some part of it is retained as a contribution to building 
purposes, The little molecules of this retained water are 
loosened asunder into their elementary constituents, and 
these are mingled in with the other raw material that is 
appropriated to the processes of construction. It is pro- 
bable that tbe same flower which exhales a pint and a half 
of water from its leaves in twenty-four hours, drinks in 
something more than two pints by its roots within the same 
period. The balance, which remains when the pint and 
a half has been dissipated by the leaves, is the portion of 
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water that is turned to account as actual food. It may, 
therefore, be truly said, in a double sense, that plants live 
upon water. But the larger truth, which it is the more im- 
mediate object to enforce here, still remains — ^namely, that 
water is the carrier in chief in the economy of Nature. 

The several specific properties of this most familiar 
substance, water, are not only interesting, but, in some 
measure, marvellous, when considered in connection with 
the services which are performed. In the first place, there 
is its singular and irrepressible mobility. Water is always 
in motion. It floats up to the clouds as vapour ; it falls 
from the clouds as rain; it runs along the slopes of the 
ground as streamlets and rivers ; it rises up as waves, and 
it rolls over as billows. This ready mobility is due to the 
fact that it is made up of little round balls or spherules, 
which have no firm adhesion to each other, but roll over 
and over, this way and that, under any impulse that is com- 
municated to them. The spherules are very minute. They 
are much too small, indeed, to be individually seen, even 
with the help of powerful microscopes. But they have, 
nevertheless, a very real existence. When a lump of frozen 
water, or ice, is laid upon the ground, it remains still in the 
place in which it is put, because the numerous molecules of 
the substance are then attached rigidly together by the 
agglutinating power of frost. If, however, such a lump of 
ice be thawed by the sunshine, it no longer rests in its 
place, but streams away in the form of dribblings of water. 
The thawed water is drawn down to the ground in the 
same way as the lumps of ice — that is, it is attracted by, or 
gravitates to, the earth. But as soon as its top molecules 
are loosened from the immediate neighbours to which they 
were previously bound by the frost, they obey the earth's 
pull, and roll over like little balls until they reach the 
ground, and still go on rolling lower and lower, along the 
slope of the ground, until they get as low down as they can 
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tiittnnU llic iniOOIc of ilic earth, which is the main centre 
(if Ihp ntinii:tion. It is the weight of the water, or its 
(ir-BvliHlliiii Idwiirih the centre of the earth, and the inability 
iif ihr iiiii»Hiiii'iil iniilervilcs to hold firmly together under 
Iho illNtuiliinH I'tfi'ct iif the cnrth's pull, which together 
iDinlilini til render the li([uid substance fluent or flowing, 
wh«nuvor it U not conHncd in some vessel. When a jug 
cunlnllilliH Wftlcr In lunieicntly inclined for the liquid to 
|in*ii iivi-r tlio ri-itrniiiinH rim, the water does not tumble out 
(if ihu Jii)) to the ground in a lum]), but it flows out in a 
Nlrrnm, tlio little molecules rolling and gliding over each 
oilier In a ncver-ceniting change of relative position. That 
1b what in meant by the tunning of water, It is not possible 
to coni'civc any contrivance more suitable for the purpose 
of transport than this plan of making the whole substance, 
ns it were, a congeries of wheels, free to roll forward under 
the slightest impulse, and ofthcn supplying this impulse from 
the attraction of the earth, wherever the slope of the ground 
lies in a downward direction. It is true that, in accom- 
plishing its task of carrying food-substance into the interior 
of plants, water has to flow up instead of down, after it has 
once come into close contact with the spongioles of the 
roots. But there is a secondary reason for this, which will 
presently be made apparent. 

The power which water possesses of dissolving various 
kinds of solid material into a close intercommingling with 
its own substance, by loosening the mutual adhesion of the 
little molecules, and then scattering them freely amongst its 
mobile parts, and in that way rendering them, for the time, 
as fluent as itself, is another peculiarity by which it is 
eminently fitted for its work of carrying. This power of 
solution, is not, however, indispensable to its accomplishing 
that tasL Water does not dissolve every kind of body that 
is immersed in it. If a bullet or a stone is put into water, 
Lther of them would be dissolved in it after any lapse of 
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time. Yet running water, in a way, moves stones which it 
does not dissolve. It does so by pushing them along, as it 
strikes a number of its own little molecules against them, 
and by, in some measure, buoying them up, and rendering 
them, in that sense, less heavy to move. Sand-grains are 
simply very small stones, and everybody knows that they 
are hurried along in the currents of rivers. But, as a matter 
of fact, insoluble bodies are not as readily transported by 
water as bodies that have been broken up into their smaller 
parts. Sand-grains are more easily carried than large 
stones, and so, in a similar way, the entirely separated 
molecules of soluble bodies, which are very much smaller 
than sand-grains, are more easily carried than those grains. 
And then, again, insoluble particles, like sand, cannot be 
introduced into the interior cavities and chambers of 
growing plants, which are guarded from the intrusion of 
such coarse material by the delicate webs and membranes 
of which they are composed. But dissolved bodies can be 
carried up and through the invisible, and otherwise quite 
undiscoverable, pores of these membranes, as readily as 
pure water itself. Hence it is that soluble substances are 
used for the nourishment of the textures of growing plants. 
Whatever is required to be turned to account for that pur- 
pose is first, by a convenient and subtle process of 
chemistry, converted into some state in which it can be dis- 
solved by waten The greater part of those innumerable 
bodies termed salts, such as the well-known compounds of 
potash and soda, are substances which have been brought 
into a soluble condition by chenjical agency, in order that 
they may be amenable to the dissolving powers of water. 

A third, important, and very notable property of water, 
when considered in reference to the part it has to 
play in the business of nature, is expressed in the circum- 
stance that it does not itself, for the most part, exert any 
decomposing or destructive influence upon the bodies ^bLOss. 
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it dissolves. It carries whatever burdens are entrusted to 
it for transport with irreproachable honesty, giving ihem all 
up, at the end of its trust, exacdy as they were received. If 
an ounce of salt or of sugar be dissolved in half a pint of 
water, the solid mass disappiears to the eye, because its 
minute molecules are scattered loosely in the water. But 
that those molecules, although they cannot be seen, are 
really there, and unchanged in their essential qualities, 
becomes at once obvious if the liquid is touched by the 
tongue. Either the salt or the sugar, as it may be, is then 
tasted, and consequently known to be present in the water. 
If the solution be afterwards placed in an earthenware jar, 
and stood upon the hot plate of a stove, the water will 
gradually be driven away as vapour, but it will not take a 
single grain of either the salt or the sugar with it in its 
flight. In the end, the ounce of salt or of sugar will be 
found left behind in a solid state in the vessel, and to be 
recovered exactly as it was before it was put into the water. 
A very brief consideration will suffice to make apparent how 
valuable this incorruptible honesty of water must be in view 
of its function as a carrier of building material for the con- 
structive operations of plants. It takes into their chambers 
such things as are required for the particular work on hand. 
But this would be of small avail for the ultimate result, if 
those required substances were tampered with and destroyed 
by the way. The chemical impassiveness and indifference 
of water is as important to its work as its ready mobility. 

But although water is thus indifferent and honest, it very 
materially favours the action of bodies that do chemically 
interfere with one another when these are put together in a 
slate of solution; because, in this state, the loosened out 
molecules of each arc wty readily brought into close con- 
tact, In the freely mobile and fluent condition to which 
they are reduced by this instrumentality, they easily find 
;r out and run into intimate connection. 
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ounce of carbonate of soda and an ounce of tartaric acid, in 
a state of powder, be mixed together in a mortar and kept 
in a dry place, they do not in any way interfere with one 
another ; the grains of carbonate of soda lie side by side 
with the grains of tartaric acid. But if the mixed powders 
be thrown into a glass of water, the soda and tartaric acid, 
being soluble substances, are both dissolved, and they then 
immediately attack and, so far as their chemical condition 
is concerned, destroy each other. The water is thrown 
into vigorous commotion, bubbles of carbonic acid, set free 
by the destructive decomposition of the carbonate, escape, 
and there then remains in the water neither carbonate of 
soda nor tartaric acid, but a new and quite different kind 
of substance, called tartrate of soda, which has been formed 
by the mingling together, in intimate chemical union, of 
the soda and the acid. If the solution be placed in an 
earthenware saucer standing upon a hot plate, when all the 
water has been evaporated and driven away by the heat, 
there remains, not an ounce of carbonate of soda and an 
ounce of tartaric acid, but a quantity of tartrate of soda ; 
and this quantity is less than two ounces by the exact 
weight of the carbonic acid which has escaped into the air 
during the effervescence. The importance of this influence 
of solution is that it favours the conversion of the dissolved 
body into the material of structure, after it has been washed 
into the interior cavities of plants. It is there, in its 
loosely distributed and dissolved state, intimately mingled 
with other ingredients, so that their influences upon it can 
be brought into play to determine the building up of the 
whole into consolidated textures. 

The ability of water to be turned into thin vapour by 
heat, and of the vapour to be again recondensed into water, 
when the heat is withdrawn, is another property which 
is altogether indispensable for the work this willing servant 
performs. Water is nearly eight hundred times denser 
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than air, because the little molecules, of which it is com- 
posed, lie so much more closely together. This it is which 
makes a pint of water so much heavier than a pint of air. 
But when water is heated to 212° of the artificial heat- 
scaJe of Fahrenheit— or, in other words, to the boiling point 
— it is suddenly turned into a vaporous state, in which it is 
somewhat more than as thin again as air. A cubic inch of 
water acquires the bulk of a cubic foot when it is converted 
into steam — that is, it occupies nearly 1,800 times as much 
space as it did in the liquid state. But in this thin, 
vaporous condition it is at all times escaping from moist 
or wet spaces on the earth, in more or less copious quantity 
— in larger quantity when the surrounding temperature is 
high, and in less when the temperature is lower ; but in 
some quantity, whatever may be the stale regarding heat. 
Portions of the liquid molecules are elastically tossed off 
from the surface of the water, and then float away into the 
intervals separating the panicles of the air ; and, in doing 
so, become imperceptible to the eye, because each separate 
molecule, when taken apart, is so surpassingly minute. Air, 
at the temperature of ice, can contain nearly two and a half 
grains of aqueous vapour in each cubic foot, distributed 
through it in this approximately impalpable and quite 
imperceptible way. In the temperature of a warm summer 
day it can, on the other hand, contain as much as eleven 
grains in each cubic foot. It may in genera! terms be 
assumed that, upon the average, there is rarely less than a 
pint and a half of water in every hundred pints of air. But, 
in consequence of the different capacity of hot and cold air 
to sustain the invisible charge of vapour, it follows that 
whenever the air of a warm summer day, containing its 
full burthen of invisible vapour, is chilled nearly down to 
the temperature of frost, something like nine grains of 
water arc thrown down out of every cubic foot of air. This, 
is the secret spring of the mechanism of rain. 
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Aqueous vapour floats up in greater or less abundance 
from the rivers, and seas, and from moist ground, and 
in the high and chill regions of the air, is condensed, 
first into fleecy, rolling clouds, and finally into copious 
showers. The water deposited as showers upon the 
ground then runs down the hill-sides, and gathers into 
the still descending channels of the rivers, finally reaching 
the lower basins of the sea ; and in this way the circle is 
complete. By the evaporation of water from the basins of 
the sea, and from the moist places of the earth, the clouds 
and the rain are perennially fed; and by the streaming 
down of the rain along the inclined slopes and channels of 
the ground, the liquid evaporated from the widely-spread 
basins of the sea is in the end restored to those vast natural 
reservoirs. But it is the sun's heat and the attraction of 
the earth for the gravitating liquid, which are the moving 
forces of this circling play ; the powers that work the subtle 
mechanism. In this marvellous way the restless carrier of 
the burthens of nature is nerved for its arduous work, by 
the mere antagonism and alternating predominance of 
sunshine and gravity. 

But the raw materials provided for the building opera« 
tions of plants have to be carried up after they have been 
brought to the absorbing spongioles of the roots. In the 
case of a lofty, yet still-growing tree, they may have to be 
lifted even hundreds of feet high. This, of course, cannot 
be accomplished by the downward flow of water under the 
influence of gravitation. A supplementary agency is there* 
fore brought into play. In what way this is managed may, 
perhaps, be most easily understood by reference to the 
simplest form in which the action can be exhibited. If a 
bladder be filled with thick syrup, and then tightly tied up 
round the neck, it may be made to sink in a tub of water 
by fastening it to a weight Now, when such an arrange- 
ment has been carried out, and the bladder of syrup is leOt 
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in the water, it soon begins to swell itself out, and to grow 
very tense. This is because thick syrup draws water in 
to itself through the pores of any penneable membrane, 
such as bladder is. If the conditions of the experiment 
were so far changed that a bladder of water was immersed 
in thick syrup, exactly the opposite kind of transference 
would occur. The bladder would grow flaccid and loose, 
because much of the water would be taken out from it, 
through the membrane, to mix with the syrup. Currents 
of water are therefore established in this way in both cases. 
In the one the water flows in to the interior of the bladder, 
and in the other it flows out ; and the force with which this 
is accomplished is strong enough to sustain the flow, even 
when it is in an upward direction against the influence 
exerted by gravity, or, in other words, by the weight of 
the water. Now, to a growing plant, all the upper portions 
of the structure, such as the leaves, have the juices of that 
part thickened by the influence of evaporation. Thin 
water escapes through the exhaling pores, leaving behind a 
thicker liquid which holds the various soluble ingredients 
dissolved. But the thick, syrup-like sap above, being only 
separated from the cells of the stem and roots below by a 
series of thin, membranous partitions — the walls of the 
numerous vesicles and cells — the thin water from below is 
immediately drawn up to mix with the thick, syrup-like 
liquid above, and this operation extends downwards step by 
step, each cell above drawing in water from the one below, 
until at length it reaches the actual extremities of the roots, 
when the thicker sap within the cavities of the spongioles 
draws in hquid out of the surrounding moist soil. It is in 
this simple way that the rise of the food-containing liquid 
into the higher parts of the plant, where that food can be 
turned to account, is managed. The process of the passage 
of a thin liquid through a porous membrane to mingle itself 
irith a thicker one, is technically, and in the language of 
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the physiologists, distinguished as " Endosmose," — inward 
drawing or impulse.* In strict reality, there is always a 
double flow, a transference of some of the thin liquid 
towards the thick, and of some of the thick towards the 
thin. But the balance is always in favour of an accumu- 
lation towards the thick. More passes inwards than out- 
wards. The effect of this movement by endosmose is 
shown very prettily by a simple experiment which any one 
may easily make. A tube of glass, about half an inch in 
diameter, is closed at the lower end by tying a covering of 
thin bladder over it, and thick syrup is poured in until it 
stands about three inches deep. That end is then plunged 
into a glass of pure water, and very soon it is observed that 
the water is drawn in through the bladder to mix with the 
syrup, and that this consequently rises up in the tube, from 
the increase of its bulk caused by the dilution with water, 
until it is several, instead of three, inches deep. 

* From the Greek words endon, within, and osmos^ impulsion. 
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Although water is the great carrier of nature, it is not 
able to accomplish all the work of this character which 
is required, for the simple reason that al! the raw materials, 
which are needed for the building operations of plants, are 
not soluble in water. There is charcoal, or carbon, as 
it is also called, for instance, which is largely used in ihe 
consolidation of the textures of plants, and must therefore 
be introduced into growing plants in considerable quantity. 
If a piece of white paper, which is primarily made out of 
vegetable tissue, be burned in the flame of a candle, there 
remains a thin black ash in the place of the white paper. 
That black film is almost entirely charcoal. Every observer 
is aware of the charred lump which is left behind when 
dry wood is half burned, That, too, is ihe black charcoal, 
or carbon, which was originally carried into the interior of 
some growing plant, when the wood was in the process of 
construction. But if a lump of this dense, black substance 
be put into water, it will remain there any length of time 
unchanged. It cannot be dissolved in water. 

An altogether different agent consequently undertakes 
to denl, in the first instance, with this refractory body 
which water alone cannot manage to convey. The result, 
however, in the end, is accomplished in a not very diffe- 
rent fashion. The solid is broken up into loosened mole- 
cules, and is in that sense dissolved. But it is dissolved 
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into a thin, invisible vapour, or, as it is termed, gas, instead 
of being first loosened out into a liquid and still visible 
condition, as water and water-dissolved bodies are, and 
this vapour is then found to be soluble in water. The 
agent of the solution is one of the natural constituents of 
the air, that elementary ingredient which is known as 
"oxygen." When a piece of black charcoal is heated 
to redness in the presence of air, and then blown upon by a 
stream, or ciurent, of air, it burns away and disappear?. 
But that burning is substantially a solution of the black 
solid in one of the constituents of the air. A single mole- 
cule of the black solid is seized upon by two elementary 
molecules of the cxygen, which constitutes a fifth part 
of the bulk of the air. The three molecules combined into 
this ternate group then become a compound molecule of 
another vapour-like substance, which is termed carbonic 
acid gas. 

S3anbol expressing the chemical composition of each molecule 

of carbonic acid, CO'.* 

It is the heavy, although air-like vapour which escapes 
out of all fermenting liquids, and which causes the effer- 
vescence when carbonate of soda is mingled in solution 
with tartaric acid.t 

Carbonic acid is an invisible vapour, or gas, because its 
molecules are too minute to be individually seen, and 
because those molecules are scattered very widely asunder 
after the manner of a vapour, or gas. In a pint bottle, full 
of carbonic acid gas, which would not weigh more than six- 
teen grains, or about half as much again as a pint of air, 

* In the symbols expressing chemical composition, the letters 
represent the initial capitals of the elements, as C for carbon, and O 
for oxygen, and the figures the number of the atoms of the elements 
with which the figure is associated. Thus, CO' means that each mole- 
cule contains one atom of carbon, and two atoms of oxygen. 

t See page 21, 
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there would be not quite seven grains of carbon. In other ' 
words, seven grains of black charcoal are enough, with the 
help of a due quaniity of oxygen, to make a full pint of 
carbonic acid gas. The seven grains, in being converted 
into carbonic acid gas, are thus spread out through this 
bulk. Each compound molecule is held floating far apart 
from its neighbours ;^so far that the whole of thera cease to 
be visible. Each one is invisible because of its exceeding 
minuteness, and no two are near enough to be seen as 
if they were one. This power of the oxygen gas con- 
stituent of the air, to render dense and refractory carbon 
both vapour like, and, as vapour, soluble in water, is, in 
view of the remarkable results to which it leads, a note- 
worthy circumstance. 

One consequence of this relation of atmospheric oxygen 
to dense carbon, is that there is always a considerable 
(juantily of vapour-like carbonic acid floating in the air. 
It is poured out into the air wherever combustible 
substances, containing carbon, are in the process of burn- 
ing; but the decay of dead organized structures, and even 
the breathing of animal bodies, is a slow kind of burning. 
From these sources also, there is, therefore a copious suppls'. 
At all limes as much as one pint of carbonic acid is 
found in every 2860 pints of air; or something like sixteen 
grains of carbonic acid to each four pounds of air. This 
seems to be in itself but a trifling quantity; but it is really 
a vast amount when large spaces of the air are concerned. 
In consequence of the great height of the atmosphere, 
there are something like 1,300,000 tons of carbonic acid 
resting upon every square mile of ground. That would 
give something more than 370,000 tons of charcoal 
held up in the air, by the buoyant force of oxygen, over 
each square mile, There can, therefore, be no lack 
anywhere of this particular ingredient for the needs of 
The trees, shrubs, grasses and weeds, that grow 
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upon any square mile of ground, can get out of the air, 
which rests above them, not less than 370,000 tons of 
carbon for the timber and other solid textures they are 
building up within their interior chambers ; and even more 
than this in the end, because this quantity is maintained in 
the air as portions of it are being withdrawn. As fast 
as the carbonic acid is taken out of the air by living 
plants, it is being poured back into it by the breathing of 
animals, the burning of fires, and the destructive decay 
of all kinds of carbonaceous compounds. A single pair of 
human lungs gives out into the air a cubic inch and 
a quarter of carbonic acid gas, and therefore ^half a. grain 
of carbon, with each breath. In the course of a single 
hour this amounts to 1296 cubic inches of carbonic 
acid, or to 586 grains of carbon. It will readily be 
conceived, therefore, how enormously vast must be the 
supply from the 1456 millions of human beings, and the still 
larger number of other kinds of breathing animals, which 
dwell upon the earth. 

The carbonic acid gas, which floats in the interspaces 
that lie between the molecules of the air, being soluble in 
water, is carried in considerable quantities down to the 
ground whenever rain falls. It is washed out of the air 
into the ground, and is then sucked in with the other 
soluble matters through the spongioles of vegetable roots. 
But more than this. As it drifts lightly along in the air 
it strikes continually against the leaves of plants ; those 
leaves, which, it will be remembered, are sprinkled over 
with quite uncountable numbers of open mouths, or pores, 
and, as soon as it has done so, is mingled with the vegetable 
juices contained in the cells, and exposed with them to the 
influence of daylight and sunshine. By this means the 
solid ingredient, the black carbon, is brought back out of 
the grasp of the oxygen, and left available to be built in as 
the great consolidating principle of vegetable structures^ 
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with the other substances transported by water into the 
leaf. The green colour of the leaf itself is a part of the 
vegetable fabric which is in this way constructed by the 
help of carbon. But, as the carbon, which is thus fixed, is 
withdrawn from the grasp of the oxygen, that gas is left 
free, and has to be expelled from the leaf. This is acconi- 
plished by the same open route. It passes out through the 
pores of the leaves. If a few green leaves are immersed 
in a dish of water containing carbonic acid, and are left 
standing in the sunshine, this interesting process of vege- 
table elaboration may be watched in actual progress. A 
vast number of bubbles soon gather about the under sur- 
faces of the leaves, which can all be shown to be bubbles 
of pure oxygen gas. Carbonic acid is taken in from the 
water through the pores of the leaves, and, by the instru- 
mentality of the force derived from the sunshine, the oxygen 
and carbon contained in the carbonic acid molecules are torn 
asunder, the carbon being retained to be built into the struc- 
tures of the plant, and the oxygen being ejected through the 
same leaf-pores as agents which have accomplished their 
task, and whose presence, therefore, is no longer required. 

Carbonic acid gas is one of the most important of the 
food-substances appropriated by living and growing plants, 
because the load of ponderous carbon is introduced by its 
means into all consolidating tissues. It is the great source 
of solidification and density by which rigid form is secured. 
The various ingredients, which are brought together in the 
work of vegetable fabrication, are made plastic and firm by 
the mingling in with their molecules of a due quantity of 
this solid base. As water is the great agent of mobility 
and transport, carbonic acid is the chief source of dura- 
bility and fixedness. In consequence of the great abundance 
of dense carbon its fibres contain, the heart-wood which 
has been built up in the stems of large trees remains un- 
.fiuiDged for centuries. In the vast deposits of coal which 
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lie buried in the earth, charcoal, originally deposited in 
living plants as wood, has remained unaltered in all proba- 
bility for many thousands of years. This fixed durability 
of charcoal is due to the circumstance that, once it is 
amassed in the solid state, it is as indifferent to the chemical 
solicitations and seductions of all other elements, as it is to 
the dissolving influence of water. Oxygen gas is the only 
exception to this habit of self-contained indifference, and 
even oxygen has no power over its ponderous and indolent 
molecules at ordinary temperatures. It is only when they 
have been raised to a red heat by the operation of fire that 
the charm is dissolved, and the black molecules are 
loosened out from their mutual coherence, and given over 
to the grasp of the then irresistible oxygen. But when car- 
bonic acid has once been formed out of carbon and oxygen 
by the agency of heat, it, in its turn, acquires in some 
degree the same stubborn resistance to change which is 
characteristic of the solid constituent it contains. No arti- 
ficial influence that the skill of the chemist is capable of 
bringing into play, can wrest back the solid carbon from its 
association with oxygen. The resolution and reconversion 
of carbonic acid gas into its primary elements is a task that 
is reserved for the supreme agency of sunshine, co-operat- 
ing with the subtle energy of vegetable life ; great natural 
forces which transcend the efforts of artificial interference. 
This is a noteworthy feature, it will be observed, in the vital 
operations of plants. 

The narrative of the marvellous provisions that have 
been made for the work of organization, and for the main- 
tenance of vegetable and animal life, cannot be held to 
have been intelligibly told, or to have been rendered fairly 
complete for the purpose contemplated in these lectures, 
until some other conditions and circumstances associated 
with those which have been already explained, have also 
been brought under notice* 
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In the first place, it must be understood, that the great 
agent of transport, water, is itself not a simple substance. 
It is constructed by the instrumentality of two distinct 
ingredients, which are each and both, in their separate 
individualities, vapours or gases. If a few shreds of zinc 
and a little sulphuric acid be placed in a bottle half full of 
water, and a narrow glass tube be then fixed in the mouth 
of the bottle, bubbles of gas will very soon rise in the water 
and escape in a stream from the tube. This stream of gas 
can be then set light to as it escapes, and may be seen 
burning as a pale flame. The gas procured in this way is 
very light as well as inflammable. It is the one, indeed, 
which is used on account of its levity for the inflation of 
balloons, and it is called hydrogen, or the generator of 
water, in conseriuence of the part which it plays in the con- 
struction of that liquid. It is really formed in the process 
just described by the destruction, or talcing to pieces, of a 
portion of the water. If a cold drinking glass be held 
whelmed over the burning flame, water soon appears trick- 
ling down inside of it. This water is again derived from 
the hydrogen during the process of burning. As it bums it 
is united with the oxygen of the air, very much as carbon 
is when it is made red hot and dissolved into carbonic acid. 
Two atoms of the light hydrogen and one atom of the 
oxygen combine together to form a molecule of water. 

Symbol cxpicssing tlie compoaitian of each molecule of water, 
H'O. 

Unlike, however, to carbonic acid, water can be both 
formed out of its elementary constituents, and unmade by 
the artificial operations of the chemist This is shown in 
the experiments just alluded to, where the water is decom- 
posed and broken up into its ultimate elements by the action 
of sulphuric acid and zinc; and where water is formed by 
combining the hydrogen burning in the flame with oxygen 
- procured from the surrounding air. 
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The oxygen gas, which is furnished to the burning 
hydrogen from the air, and supplied, it will be remembered, 
to red hot and burning charcoal in a similar way, is not 
present in the air merely as an accidental vbitor. It is, as 
all fairly intelligent people now know, itself an essential part 
of the air, which consists of two ingredients, loosely mingled 
together ; that is to say, the particles of the two float freely 
amongst each other, without ever coming into actual con* 
tact The oxygen-particles have no more power, at ordinary 
temperatures, of interfering with the particles of the com- 
panion they are associated with, than they have with the 
black, cold mass of solid charcoal. They accordingly 
remain in quiet and unaggressive companionship with this 
associate, and in that unaggressive and passive companion- 
ship constitute the air. 

But the companion or ally, which is associated with 
oxygen in the air, is also a thin vapour, or gas. It is 
the gaseous substance distinguished by scientific men as 
"Nitrogen." This name was given to it, in the first 
instance, because it had been ascertained, at a very early 
period of chemical observation, that it contributes supplies 
of its molecules to make the white salt, familiarly known as 
nitre. The word nitrogen merely means the generator of 
nitre. The air then is essentially a mingling together of 
oxygen and nitrogen gases in the proportion of twenty-one 
volumes of oxygen to seventy-nine volumes of nitrogen. 
There are two atomic or elementary particles of the nitrogen 
to each single particle of the oxygen. But they are all sus- 
pended free from each other, and relatively far apart ; that is, 
with blank intervals between them, which are many times 
wider than the particles themselves are broad. Each gas, in 
the circumstances of this arrangement, behaves itself exactly 
as it would if there were no second kind associated in near 
neighbourhood with it It drifts freely about in the intervals 
that lie between the particles of its associate and neighboiur. 

3 
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But the two gases, which thus constitute air by theii 
commingling, are of a very different character. The one, full 
of restless activity and energy, is prone to attach itself 
intrusively to most other kinds of molecules that come 
within its reach ; the other, self-contained and reserved, 
is disinclined to contract structural alUances with any other 
kinds of atoms. Oxygen gas attacks pretty well all kinds 
of material substance, as it attacks burning charcoal and 
hydrogen, being, indeed, the great agent of chemical trans- 
formation. It is, on the whole, the most important and 
energetic of the sixty-six distinct kinds of bodies or elements, 
of which material nature consists. It is so abundant that by 
itself it apparently makes up quite one half of the substance 
of the ponderous earth. In the body of a man, which 
weighs perchance something like 154 pounds, 109 pounds 
of the weight are made up of oxygen alone. Not less than 
1290 cubic feet of gaseous oxygen are condensed into the 
structures of a full-sized human frame. Nitrogen gas, on 
the other hand, although so plentiful in the air, where its 
indolent and indifferent temperament has free scope, is 
comparatively rare in the more substantial portions of the 
earth. It enters in any considerable amount into the com- 
position of only the most elaborate and finished products 
of living organization, when, in the interest of such pro- 
ducts, its inertness has been for a time overruled by the 
higher force which is inherent in the action of vegetable 
life. The human body, which contains as much as 109 
pounds of oxygen, has not more than four pounds and a 
half, or sixty-six cubic feet, of nitrogen in its structures. 
Nitrogen is so inert in its chemical proclivities, that it 
cannot be forced into combination with other elements by 
artificial or human agencj-. Itneeds for that purpose lo 
have the same subtle powers broughc to bear upon it that 
are used for the resolution of carbonic acid, the stimulus of 
the sunshine, and the co-operation of vegetable Ufe; and 
even with these it has to be taken advantage of in a weak 
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and unguarded moment,* before it can be so turned to 
account. It is almost certain that the nitrogen of the air, 
abundant as it is, is scarcely, if at all, employed in con- 
structive work. The considerable amount which is drawn 
upon by building plants is derived from a quite different 
source. 

The vast quantity of nitrogen which exists free in the 
air, serves, in the main, as a foil and restraint to its more 
versatile and restless associate. It moderates and subdues 
the aggressive impulses of the oxygen. In the atmos* 
pheric alliance, the oxygen is the active, and the nitrogen 
the passive, member of the partnership. The oxygen is in 
a constant process of withdrawal and return in relation to 
the great free aerial store. The nitrogen in it, on the other 
hand, is a comparatively fixed and unchanging ingredient. 
The main bulk of the oxygen of the earth is held tightly 
grasped in the liquid and solid portions of the terrestrial 
mass, and only a small superfluity is left to roam free as a 
floating gas, or air. But the main bulk of the nitrogen 
drifts free and uncombined in the air. The predominant 
characteristic of oxygen is the tendency to seize upon and 
compound itself with other elementary bodies. The pre- 
dominant characteristic of nitrogen is its ineradicable habit 
of maintaining its own separate individuality and inde- 
pendence, and of spontaneously resuming that inde- 
pendence as speedily as possible when it has been 
temporarily constrained to submit to interference. The 
combining habits of oxygen are prominently manifested in 
the corrosions which it so abundantly produces. The 
solitary and separative habits of nitrogen are no less 
strikingly exhibited in the readiness with which nitrogen- 
containing organic substances undergo putrefaction and 
decay, and resolve themselves into their constituent ele- 
ments. Both oxygen and nitrogen, therefore, contribute, 

* It must be in what is termed the " nascent state," that is, freshly 
set free from chemical combinations with other elements. 



36 FAMILIAR LECTURES ON THE 

although in a different way, to the destruction of complex 
bodies that have been built up by the constructive 
energies of plants. Oxygen sels the destructive process 
going by the eager energj- with which it attacks chemical 
combinations that have been already formed. Nitrogen 
favours and forwards the process by the facility with which 
it slips away from the complex clusterings of atoms that 
have been built into organized fabrics. 

But when nitrogen separates itself from complex combi- 
nations in which it has been temporarily involved in organ- 
ized structure, it clings to one of its associates a little more 
than it does to the test, and in that state constitutes the 
pungent vapour, or coroixjund gas, which is known as 
ammonia. When organic bodies, which have included 
nitrogen amongst their constituents, decay or decompose, 
the pungent smell of ammonia always presents itself This 
ammonia is composed by the lingering of nitrogen in union 
with hydrogen gas. Three atoms of the light hydrogen 
—attach themselves to one atom of nitrogen. 

■ Symbol V 
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But ammoniacal gas thus formed is soluble in water, as 
inert nitrogen itself is not. Hydrogen, light as it is, has 
thus, in certain circumstances, the power of accomplishing 
for nitrogen very much the same service that oxygen per- 
forms for carbon, It overcomes the habit of self-contained 
isolation, and brings it back within the sphere of elabora- 
tion and reconstruction from which it was just on the point 
of escape. Ammoniacal gas is, then, the source from which 
nitrogen is procured when it serves as one of the food-prin- 
ciples of plants, It is so soluble in water, that this liquid, 
which can only hold in solution about its own volume of 
carbonic acid, can take up not less than 670 times its 
volume of ammonia ; that is, one pint of water can con- 

ise into itself and hold 670 pints of the pungent vapour. 
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The liquid known as spirit of hartshorn is nothing but the 
soluble gas, ammonia, dissolved in a very large quantity in 
water. Its. penetrating smell is the volatile gas, as it slowly 
escapes back from the water, making its impression upon 
the membranes of the nose. This compound vapour was 
called ammonia in the early days of chemical observation, 
because it was, in the first instance, noticed exhaling spon* 
taneously from a white salt scattered upon the ground in 
the neighbourhood of an old heathen temple in Libya, con- 
secrated to the worship of Jupiter Ammon. It was then 
looked upon as sal ammoniac, or the ammoniacal salt. 
Whenever sal ammoniac is broken up and mixed with a 
little quicklime, ammoniacal gas pours off from it in over- 
whelming and suffocating abundance. 

This compound and pungent gas, ammonia, is present 
at all times, in small quantities, with the carbonic acid gas 
that floats in the interspaces separating the molecules of the 
air. There is not, however, so much of it at any one time 
in the air as there is of the carbonic acid gas. Ordinarily, 
there is not more than one pint of gaseous ammonia in 
100,000 pints of air. This is, in reality, a consequence of 
the very great and ready solubility of the gas. It is always 
being poured out into the air from decomposing organic 
substances. But it is washed out of the air by the rain 
almost as rapidly as it is supplied, and so carried down to 
the soil. About thirty pounds' weight is conveyed by the 
rain to every acre of ground each year. Therefore the 
plants growing in the ground can get an ample supply of 
nitrogen for the building up of their structures, although 
ammonia is retained in such limited proportions in the air. 
As, however, in its free state it is of so irritating and pun- 
gent a character, it is first converted in the ground into 
unpungent, neutral, and yet soluble salts, and is then, in 
that state, carried in through the spongioles of the roots 
with the other substances that are held dissolved in the up- 
flowing water. It is worthy of note that altlvcAi'^ ^sssssnss^ 
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cannot be formed by the artificial processes of the chemists, 
it can be quite easily resolved by human agency into its 
constituent elements. If a quantity of pure gaseous am- 
monia be closed up in a porcelain tube, and the tube be 
then strongly heated, no pungent gas will be found in the 
interior of the tube when it is again opened. All the 
volatile smell will have disappeared, and there will be dis- 
covered in the tube only a mixture of hydrogen and nitrogen 
gases, associated together in a kind of loose intermingling. 
One-fourth of the resulting mixture can then be shown to 
be nitrogen and three-fourths hydrogen. 

The principal food-substances of plants are thus the 
three notable compounds which have just been described, 
namely, carbonic acid, water, and ammonia ; and these, it 
will be observed, are all formed by the union in pairs of 
some of the four primary elements that have been also 
specified and described, namely, the gases oxygen, nitrogen, 
and hydrogen, and the solid element, carbon. The relation 
of these three important binary compounds to the elements 
of which they are composed may be advantageously pre- 
sented to the eye in a diagramatic form. 



Carbon., 




2. Water. 
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of plants. 
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Fig. 5.— Diagramatic representation of the composition of the food- 

suhstanoes of plants. 
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The carbonic acid finds its way as a gas into the pores 
of the leaves. The ammonia, more carbonic acid, and 
water are washed in through the spongioles of the roots. 
In mouldering soils there are always large quantities of 
both carbonic acid and ammonia, either carried down into 
them by the rain, or in process of being independently 
formed from the decaying organic substances that them- 
selves constitute the mould. 

The two binary compounds, liquid water and gaseous 
ammonia, and the binary uncombined admixture, air, all so 
indispensable in the rudimentary operations of vegetable 
elaboration, are themselves exclusively constructed out of 
the three most abundant, and, indeed, omnipresent, gaseous 
elements of material nature. . This relation, again, may he 
advantageously presented to the eye by means of a simple 
diagram, which can be taken in at a glance, and may \sp 
easily remembered. 

Oxygen. 




Nitrogen, f i Hydrogen. 

3. Ammonia* 

Fig. 6.— Dii^rramatic representation of the composition of water, ammonia, 

and air. 

One of the marked characteristics of chemically active 
oxygen is that, by combining with pure metals, it converts 
them into a series of bodies, distinguished technically as 
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oxides. The formation of rust upon iron is one of the most 
familiar instances of this action. The rust is properly 
oxide of iron. The rusting of the iron is due to the metal 
taking to itself oxygen out of the air, and combining its 
molecules therewith. It is a matter of some interest, in 
connection with the subject of metallic oxidation, that 
hydrogen is now conceived to be of a metallic nature. It 
appears to be really a metal that exists naturally upon 
the earth in a vaporous state, and that is never condensed 
into the solid form, as a simple element, under any of the 
conditions which prevail at the terrestrial surface. This 
notion results from the circumstance that hydrogen behaves 
like metallic bodies where it is separated from compound 
substances by the decomposing agency of electrical currents, 
and that it combines with certain metals, such as iron 
platinum, and especially palladium, when they are red hot, 
and forms with them a kind of alloy, as only a metallic 
substance should do. These metals absorb hydrogen when 
red hot, and give it off again as a gas when they cool. Iron 
is capable of absorbing in this way nearly the two-hundredth 
part of its own bulk of the gas, platinum nearly four times 
its own bulk, and palladium 935 times its bulk. Hydrogen 
thus groups itself with the metals when it is subjected to 
this interrogation.* 

But '\i this view be correct, then water is a metallic 
oxide. It would thus appear that the vapour-like metal, 
hydrogen, forms a fluent liquid oxide, and that the 
oxide of the dense element, carbon, is a still more fluent 
and readily mobile gas. It is well worthy of note that 
it is under the provisions of this chemical peculiarity 
two out of the three principal food-substances of plants, 

• It 13 conceived by the chemisls that if metallic hydrogen, or 
hydrogetilum, as il is proposed that in that state the element should be 
called, could be procured in the solid condition, il would be found I* 
. be somewhat analogouj in ila properties to the metal lithium. 
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specified in the preceding paragraphs, acquire their capa- 
city for easy transport into the minute chambers of 
growing vegetable structure. The conversion of the light, 
metal-like, and highly inflammable vapour, into a limpid 
liquid, capable of dissolving into itself the two gaseous 
food-substances, carbonic acid and ammonia, without ex- 
ercising any chemically disturbing action upon them, is a 
most important circumstance in regard to the working out 
of the mechanism whereby material structure becomes 
vitally organized. The conversion, in the laboratory of 
vegetable activity, of the same light, metallic vapour into 
ammoniacal gas, by enforced union with inert and reluctant 
nitrogen, and the part which this volatile agent performs 
in arresting the nitrogen, as it is set free during organic 
decomposition, and turning it back for renewed service in 
the constructive operation of plants, is scarcely less won- 
derful as a correlative incident in this admirably adjusted 
scheme of vital elaboration. 

By far the larger part of the structures and organic 
products built up by living plants are formed of these four 
elementary principles which are the primary ingredients of 
water, carbonic acid, and ammonia. There are, however, 
eleven other elementary bodies mingled in the smaller 
quantities with these primary and most abundant con- 
stituents ; those, namely, which are known to the chemists 
as — I, potassium, the metallic base of potash ; 2, sodium, 
the base of soda ; 3, calcium, the base of lime ; 4, mag- 
nesium, the base of magnesia ; 5, aluminium, the base of 
alumina, or clay ; 6, silicon, the base of Hint ; 7, phosphorus ; 
8, sulphur; 9 and 10, the metals iron and manganese ; and, 
II, the gaseous element chlorine, which is a kind of first 
cousin to oxygen, and which combines with sodium to 
constitute common salt. The whole of these subordinate 
ingredients are carried into the interior of the plant by 
water, they are first reduced into a soluble condition by 
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being united with oxygen, or more or less compounded 
together, and are then washed along in this fluent state 
through the spongioles of the rootlets, and up into the 
chambers of the stems and leaves. The different kinds of 
elaborated substance that are formed in the interior of 
living plants, to a very large extent depends upon the 
selection and working in of the proper amount of these 
several ingredients. 



LECTURE III. 
Food-Substances and Digestion. 

When the various ingredients required by the plant for 
the construction of its textures and elaborated products, 
have been collected and washed in the dissolved and fluent 
state into its interior channels, they are gradually passed 
along through the tubes and cells until they at last reach the 
transparent chambers of the outspread leaves, and are in 
them exposed to the influence of daylight and sunshine. The 
sap is then thickened by the exhalation of aqueous vapour, 
by the discharge of oxygen through the stomata of the 
leaves, and by the rearrangement of the molecules of the 
condensed matters left behind with the carbon within. 
The green colour of the leaf is one of the results of this 
process of condensation and rearrangement It is caused 
by the presence of a vast number of little solidified grains,* 
which are constructed out of the sap, and deposited within 
the cavities of the leaf-cells. Numerous other kinds of 
vegetable fabric are built up in a similar way, the precise 
character in each case depending upon the specific arrange- 
ments of the ingredients. The molecules of these various 
products of vegetable life and activity are always of a more or 
less complicated nature ; that is to say, a very considerable 
number of constituent atoms are filled and grouped together 
for the construction of any single molecule. In the green 
granules which are developed in the leaf, it appears that 

* Known as chlorophyl grains. 
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ceitainly not less than forty elementary atoms, some of one 
kind and some of another, are combined for the formation 
of each molecule. But in another product of vegetable 
elaboration, which appears more or less in all living plants, 
and which is termed gluten, or fibrin— in consequence of 
the glutinous character of the deposit, and of its readiness 
to adhere into long, tenacious fibres or threads — a still 
higher degree of complexity is manifested. Skilful and 
distinguished chemists hold that as many as 225 distinct 
elementary atoms, and those of five different kinds, are 
required for the construction of each single molecule of 
vegetable fibrin ; that there are in the composition of each 
such molecule iiz atoms of hydrogen, 22 atoms of oxygen, 
and 18 atoms of nitrogen, worked up into a more or less 
solid state with 72 atoms of carbon, and one atom of 
sulphur. 

Symbol expressing the-chemical compositian of each molecuie 
of vegelable fibrin. H'"0"N'"C"S. 

If this view be correct, ^2 molecules of carbonic acid, 
ig molecules of water, 18 molecules of ammonia, and i 
molecule of sulphur, would be required for the fabrication 
of each molecule of vegetable fibrin, and 151 atoms of 
oxygen would have to be got rid of as redundant.* 

The vegetable fibrin, formed in living plants, is largely 
used for the construction of their own textures. The walls 
of the minute chambers and cells are chiefly constructed by 
a slight further condensation and flattening out of this 
plastic substance. But considerable quantities are also laid 
by as a fixed store for future exigencies, especially in the 

• It should, however, be understood thai the nnalysis of organic 
bodies of this high order of complexity is a very difficult and delicate 
operation, and that there is, therefore, some diffeience of opinion 
amongst chemists as lo the exact result obtained, although there is no 
question as to the fact of a very lai^ number of atoms being contained 
in eacb complex molecule, and of the actual composition being very 
.innch like that which is given. 
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production of seeds. Gluten is deposited in the seed 
around the young germ, just as albumen is deposited 
around the yolk of an egg, to be drawn upon as the first 
nourishment of the developing plants, before it is able to 
acquire its supply of food by means of rootlets and leaves, 
just as albumen is deposited round the yolk of an egg to 
serve as the first food of the developing bird. Thus, about 
eleven per cent of the substance of wheat is dense gluten, 
or fibrin, which has been stored away in the grain. In one 
pound of wheat there is nearly an ounce and three-quarters 
of gluten, which may be easily procured from it, after it 
has been ground into flour, by washing all the other less 
adhesive ingredients away in a stream of water whilst it is 
being kneaded together by the hand. 

Various modifications of fibrinous substances are pro- 
duced by different kinds of plants. But they are all 
of very nearly the same character as the fibrin of wheat, 
that is, they are of a tough, tenacious, or glue-like con- 
sistence, eminently adapted for being moulded into more or 
less enduring fabrics; of being plastered, as it were, into 
membranous sheets, and stretched into fibres. For this 
reason, fibrin, in all its diversities, is spoken of as a 
plastic^ or mouldable substance. It is the finished material 
prepared for the building up of plant structure. It also 
appears to be the presence of nitrogen in its molecules which 
confers upon it this organizable property. The exceed- 
ingly complex composition of its molecules is certainly 
concerned with the result, for the other products of vege* 
table elaboration, which have molecules of simpler con- 
struction and no nitrogen among their ingredients, are 
incapable of being turned to the same constructive account 
The entire series thus marked by the presence of nitrogen, 
and by readiness to be moulded into definitely organized 
form, is therefore classed together as a naturally allied 
group, all the members of which are spoken of as nitro- 
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genous and plastic compounds, and also by physiological 
chemists, as proteids." 

Another kind of elaborated material, quite as generally 
and even more abundantly found in plants, is that which is 
familiarly known to almost every one as starch. This, 
too, like fibrin, ceases to be soluble in the liquid juices of 
the plants, after it has once been formed, and is therefore 
deposited in a more or less solid condition in the interior 
cavities of the cells. It usually, however, appears as small 
grains of an irregularly ova! shape, iloating freely in the 
sap, instead of being plastered into the condition of thin 
sheets, or long fibres; and these grains are framed of 
successive layers folded round each other, somewhat like 
the coats of an onion, but in larger abundance towards one 
side of the grain than the opposite one. 

This starch is of a much simpler nature than fibrin. 
It is formed of three elementary constituents instead of 
five, and there are not more than 63 atoms of these in each 
molecule. The primary molecule of starch, of which a 
considerable number go to make one laminated grain, has 
no nitrogen in its constitution, but is entirely composed 
of carbon, and gaseous hydrogen, and oxygen. Thirty 
atoms of hydrogen and fifteen of oxygen, are associated 
with eighteen atoms of carbon. 

^^^^ Symbol expresEiog the chemical constitution of each mole- 

^^^^^ cule of starch, H»0"C'^ 

^^^^^ It is, nevertheless, constructed in the plants under the 
^^^Eiune general plan as fibria Atoms of carbon, oxygen, 
" and hydrogen are taken out of carbonic acid and water, 

and the superfluous oxygen, originally contained in the 
carbonic acid and water, is dismissed through the exhaling 
pores, or stomata. Some portion of this unnitrogenized 
product is at once used up in the construction of new 

l^ " Derivcii from the Greek word prsteiit, which signifies to hold J 

^^Htte first place. J 
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tissue. But very much more is deposited as a fixed store 

in the roots, the seed, or in some other convenient portion 

of the plant. Thus there are nearly two ounces and a half 

of starch in every pound weight 

of the tuber of the potata It 

is also present in still larger 

abundance in wheat grains and 

in wheat flour. There are some- i 

tliii^ more than eleven ounces [ 

of starch in every pound of ^ 

wheat It causes the milky look 

gf the water when flour is washed 

for the separation of its gluten 

in the manner which has been *^'iT^;^,*^°;j^^*'^ 

, ; , ., , ™, , In tlw nsiolM ol tha potato. 

already descnbed. The starch 

is not, however, dissolved in the water. Its myriad of little 
tfhite grains are merely suspended in the liquid like so 
much sand in agitated water; and when the liquid is 
allowed to remain at rest in a suitable vessel, all the starch 
&lls down to the bottom as a white sediment, and leaves 
the water above perfectly clear. Starch is found in greater 
or less quantity in almost every kind of vegetable tissue. 
It is procured for commercial purposes from several 
different seeds and roots, but most commonly from wheat, 
rice, and potatoes. 

Starchy although quite insoluble in water in its fully 
perfected state, is very easily changed into a condition in 
which it is soluble. It then, however, acquires a new 
character. It becomes sweet to the taste,"] which it is 
not in its granular and insoluble state, and is then called 
sugar. This change, from the insipid and insoluble to the 
sweet and soluble condition, is brought about by a slight 
rparrangemenl of the atoms grouped together in each 
molecule. Something like six atoms of carbon, eight of 
hydrogen, and four of oxygen are abstracted from each, the 
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hydrogen and oxygen no doubt in the form of water, and 
the carbon by being transformed into gaseous carbonic 
acid. There then remain 48, instead of 63, atoms in 
each molecule, 12 of carbon, 24 of hydrogen, and 12 
of oxygen, which are probably grouped in the sugar as two 
molecules. 

Sjnnbol expressing the chemical composition ol a. molecule 
of sugar, H"0°C'. 

Soluble sugar is thus simply a less densely carbonized 
substance than insoluble starch. It is starch loosened out 
and lightened by being deprived of some portion of its 
BoSidifying carbon. Both are nevertheless so nearly alike 
in their chemical combination, that they can be readily 
connected with each other, either by adding more carbon 
and water to sugar, or by taking carbon and water away 
from stiirch ; and, as a matter of fact, they are so con- 
nected with each other continually in the constructive 
operations of plants. Superfluous quantities of sugar are 
turned into starch when the fixed stores of matured grain 
are to be laid by, and starch is turned back into sugar 
when grain germinates in the production of fresh young 
plants. Sugar and starch are thus very nearly related 
products. 

But sugar is so exceedingly soluble in water, that one 
pound of water will take iip into itself three pounds of 
sugar, and will hold them in a permanent state of solution. 
It consequently cannot be separated from water, as starch 
i5, by merely allowing the liquid containing it to stand at 
rest. The sugar can only be got back out of the water, as 
in other cases of actual solution, by driving the water away 
by heat. The sugar then remains behind, but not in the 
condition of grains. It reappears in the form of regular 
crystals. Sugar is, therefore, distinguished from starch 
by its proneness to assume the crystalline form, as well as 
hy its solubility and sweet taste. 
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As a matter of fact, sugar is manufactured at once out 
of the carbonic acid and water contained in the sap and 
juices of plants, by the transmuting influence of sunshine, 
without having had any previous existence as starch. It 
may indeed be regarded as starch in a somewhat imper- 
fectly-finished state, or as starch in which the process of 
elaboration and condensation has been stopped half way. 
Sugar and starch alike require both sunshine and the green 
vital textures of the leaf for their construction. In the pre- 
sence of light, and under the influence of the green vitalized 
tissue, they are slowly generated in the sap-liquid of the 
leaves. In certain special circumstances, as in the germi- 
nation of seeds and in the ripening of fruit, it is the sugar 
which is most abundantly produced. But the sweet, 
soluble principle is always present in sap to some extent 
Everybody is aware how very abundantly and rapidly it is 
fabricated in the juices of the sugar-cane, and the beet- 
roots.* 

Pure oil is also formed in the textures of living plants 
out of carbonic acid and water. When produced only in 
very small quantities, it is all used up in constructive work ; 
but when prepared in greater abundance, it too is tem- 
porarily stored away in a fixed state. It is then deposited 

* The sugar here spoken of is the variety which is produced in the 
grape and many other fruits, and which is known as dextrose, or grape 
sugar. The cane sugar is a somewhat more highly-carbonized sub* 
stance, and is technically known as saccharose. Each molecule pro- 
bably contains eleven atoms of oxygen, twenty-two of hydrogen, and 
twelve of carbon. Cane sugar is partially changed into grape sugar by 
digestion. Each of its molecules is apparently split up into two smaller 
molecules, one being of dextrose, or grape sugar, and the other of 
levulose, a' sweet, colourless liquid, very much like grape sugar, but 
which submits itself l&ss easily to the influence of ferments, and acts 
differently upon the vibrations of light rotating the beam when polar- 
ized to the left, instead of the right. It is this property which has 
conferred upon it its distinctive designation, lazms being the Latin 
word for left. 
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minute drops in little sacs or bags of membrane arranged 
amidst the fibrinous and amjlaceous compounds of the 
ftuit or seed Olive oil, almond oil, and colzi oil ire all 
familiar instances In ohves, almonds cocoa nuts, and 
cole seed the oil is very abundant and is disposed of in 
that wa} 

The oils formed by living plants are of a somewhat 
similar nature to starch and sugar, in the fact that their 
molecules are destitute of nitro- 
gen But thej are vtry much 
more largely composed of car 
ton and hydrogen and, m con 
sequence are more richly car 
L onized products than stirch or 
sugar One pound of starch 
contains rather less than half a 
pound of carbon, but one 
pound of olue oil contains 
more than three quarters of a 
pound In converting starch 
into an oil, the carbon and hjdrcgen have to be nearly 
doubled in each molecule at the e\pense of the o\jgen A 
starch-grain would be changed into oil by removing from 
it nine-tenths of its oxygen. It is on this account that 
oils are of such an inflammable character. They are 
richly endowed with the two highly combustible principles, 
carbon and hydrogen. 
Symbol ej 

The fibrinous, carbo-hydrate,* and oleaginous substances, 
\ elaborated by plants out of the crude elements of the air 

* The slarches and sugars of footl- substances are now commonly 
I classeil leather as cacbo-liyilialeE, because they oie formed of carbon, 
1 and of oxygen and hydrogen in the same reladve proportions in which 
they exist in water. 




I Fig B — Oi} srluhulea packed ai 
in the vesicles of the cocoa m 
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and ground, are all primarily formed for the construction 
and support of their own organized textures — of their fibres 
and membranes. They are the food of the plant in its 
ultimate stage of preparation for the building up of vege- 
table structure. But it is a notable circumstance in the 
arrangements of nature that they serve the further purpose 
of furnishing food for animals as well. They are produced 
in such teeming abundance from the fertile soil, that there 
is a large superfluous store of them, available for the nou- 
rishment of animal bodies, over and above the supply which 
is necessary for the maintaining and multiplying of the 
endless generations of vegetable forms. Animals, therefore, 
are sustained on the superfluity of elaborated productions 
which the superabundant energy of plant-life furnishes. 

Even this bountiful provision, however, does not satisfy 
the needs of man when he reaches the stage of advanced 
civilization, and applies intelligent art to augment the 
abundance of nature. He then cultivates the ground, 
and, by artificial expedients, increases to an enormous 
amount such particular plants as best serve for the pro- 
duction of food. Above all, he multiplies the grain- 
yielding plants, which form stores of fibrin and starch in 
their seeds. As much as five million tons of wheat are 
produced every year to feed the inhabitants of the British 
Islands alone. Rice and Indian corn are also grown in 
enormous quantities in many parts of the world. Alto- 
gether, the weight of these three kinds of grain, produced 
every year by artificial cultivation, amounts to many millions 
of tons. The whole of this vast mass of food-substance, 
provided by cultivation, is destined for the support of the 
human beings that dwell upon the earth. 

These three kinds of food-grain, which are artificially 
produced in such enormous quantities, are, however, not 
the only seeds that are used for the sustenance of living 
men. As a matter of fact, stores of fibrin and starch are 
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packed away within the seeds of every kind of grass, as well 
as in the grain of wheat, Indian com, and rice. Barley and 
oats are well-known instances to which this remark applies. 
There are, indeed, nearly four thousand distinct kinds 
of grasses, which have seeds stored with fibrin and starch. 
The only reason why more of these are not drawn upon as 
food-stores, is the circumstance that in most of them the 
nourishing deposits are in too limited quantity for it to 
be worth the trouble of cultivating them. Only those 
needs which provide the nourishing substances in over- 
flowing abundance, are made the object of the culti- 
vator's care, and in this respect, wheat, rice, and Indian 
com are in a very large degree the most convenient and 
productive, and on that account are selected for special 
attention. 

Grain-crops are, nevertheless, not the only expedient 
which human ingenuity has devised for turning the over- 
flowing bounty of nature to account. The vegetable food- 
substances, deposited in the seed, are all first fabricated in 
the plant. They are made, in the first instance, in the 
leaves by the action of sunshine upon the sap, and are then 
afterwards stored in a thickened state in the grain. But 
they are carried to the seed in the juices of the plants. 
The juices of the leaves and stems are consequently them- 
selves charged with the nourishing products. It hence 
happens that the grass itself, in its fresh green state, is 
capable of furnishing food- sub stance for animals. Grazing 
animals, for this reason, can be fed upon green pastures, 
and grass can be transmuted into the flesh of sheep and 

- oxen, into mutton and beef! The breeding of sheep and 
oxenj and the furnishing them with green and fresh vege- 
table food, is another of the means by which the industry 
and intelligence of man increase the supply of nourishment 
for the human race. It is in this sense that raen grow 

I butcher's meat as well as grain-crops. 
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The meat, which is thus produced as human food, 
is nevertheless only the fibrin starch and oil, which have 
been made by the grass and root-crops, in a somewhat 
transformed condition. The flesh of the grazing animal» 
or lean meat, is fibrin in a very pure and concentrated state ; 
all the flesh of sheep and oxen fed by grazing is virtually 
extracted out of the grass. The fat is oil, which has been 
derived from the sugar and oil of the vegetable juices, and 
in that sense represents the amylaceous, or unnitrogenized 
part of the vegetable products. How enormously the 
supply of human food is increased by the expedient of 
setting such animals as sheep and oxen, to make meat out 
of grass, will be very strikingly presented to the mind, if it 
be remembered how many thousands of sheep and oxen 
are brought into the market, in England alone, in the 
course of a single year. In riding through highly culti- 
vated countries, such as England is, it is wonderful to 
remark how every corner of the land is turned to account 
for the production of food for mankind, either by laying 
down rich pastures or by cultivating grain. 

Meat is a very valuable addition to the food-resources 
of man. But it cannot be advantageously used by human 
beings without considerable additions to it of the amy- 
laceous and unnitrogenized products of vegetable elabora- 
tion. In the wheat flour, which is converted into bread by 
the baker, on the other hand, both kinds of food-sub- 
stance, the nitrogen- containing fibrin and the nitrogen- 
less starch, are so adjusted and apportioned to each other, 
as to constitute it a food that may be advantageously used 
in large quantities and even, in case of emergency, that 
may be employed alone. In well-grown wheat, there is 
about six times and a half as much starch as fibrin. One 
hundred pounds of wheat yields sixty-nine pounds of 
starch and eleven pounds of fibria One hundred pounds 
of meat do not yield more than forty-two pounds of 
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fat and about eight pounds of nitrogenized albumen and 
fibrin. 

The real need with human beings in the matter of food, 
is that to each full-grown individual, something like five 
thousand grains of carbon, and three hundred grains of 
nitrogen, shall be supplied eveiy day. These quantities 
are, upon the whole, most economically furnished when the 
food is derived from several sources of supply. Too ex- 
clusive a diet of meat gives more nitrogen than can be 
turned to healthy account before the five thousand grains 
of carbon have been received ; and with too exclusive a 
vegetable diet, on the other hand, too much carbon has to 
be introduced into the body before the three hundred 
grains of nitrogen are secured. It is a circumstance, well 
worthy of note, that one pound and a half of bread, one 
pound of meat, and three pounds of potatoes appear to 
yield just the right quantity of both carbon and nitrogen 
for one day's needs. 

The German physiologist, Ranlce, ascertained by some 
very care fully- con ducted experiments, that he continued in 
perfect health when he restricted himself for each day, in 
the matter of food, to three and a quarter ounces of meat, 
or of an analogous quantity of nitrogenized vegetable sub- 
stance ; three and a quarter ounces of fat, or its equivalent 
in butter and oil ; seven and three-quarter ounces of dry 
farinaceous substance, such as potatoes, rice, and the starch 
ingredient of bread ; three-quarters of an ounce of saline 
substances, salt, potash, soda, and the rest; and a little 
more than five pints of water, including such portions of 
that liquid as is ordinarily taken in intimate combination 
with the more solid food. 

The fibrinous, farinaceous, and oleaginous products 
formed by the building up activities of plants, — the corn, 
meal, rice, and analogous substances, prepared under the 
beneficent cooperation of living vegetables, to serve as 
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food for the animal kingdom — ^are all of a solid, or quasi- 
solid, and substantial nature. They are most of them in- 
soluble, or of very slight solubility, in water, although they 
contain within themselves, as an important part of their 
own constitution, considerable quantities of that omni- 
present and indispensable liquid. They have, nevertheless, 
to be transported by water before their task of affording 
sustenance to the living frames of animated beings can be 
accomplished, quite as absolutely as have the food-sub- 
stances of plants, in order that they may reach the interior 
of vegetable structures. It is thus virtually true, that 
animals as well as plants "live by water ;" that drink is an 
essential provision for animal, as it is for vegetable, life. 
The food, which affords nourishment and support to the 
actions of the animal frame, and which sustains it in its 
manifold operations through the prolonged period that 
extends from birth to death, has to be washed into the 
interior of that frame, and to be distributed in liquid 
streams to every part of its delicately-organized structures. 
The process by which this is accomplished, is much more 
complicated in the case of the animal than it is in that of 
the plant ; but it is also on that account of greater interest 
even when viewed only in the light of mechanical contriv- 
ance. To human beings, whose privilege it is to subordinate 
their lives to the dictates of understanding and reason, the 
subject is of the very highest importance, as will presently 
appear. 

The primary condition, which seems to have been aimed 
at in the arrangements of animsil life, as distinguished from 
vegetable activity, is the provision for free movement from 
place to place. All animals, excepting those of a very 
lowly and rudimentary kind, have active limbs elaborately 
hinged and strung for carrying them about. Quadrupeds 
and bipeds walk and run upon the ground; birds fly in 
the air, and fishes swim in the water. It is a necessary 



consei|uence of this adaptation to locomotion that they can 
have no roots inserted into tlie ground. They have roots 
nevertheSess for the drawing in of their food, just as much 
as stationary plants have, and they carry these roots about 
with them in their wanderings. The spongioles of these roots 
are grouped round the wall of an interior cavity, or mem- 
branous bag, and in this bag supplies of food are deposited 
at more or less frequent intervals. The food is thus carried 
about inside the bag, and is washed from the bag through 
the spongioles of the rootlets. The spongioles, in the case 
of locomotive animals, are, however, distinguished by a 
specific name. They are called villi, be- 
' cause they have very much the same 
appearance as the pile of velvet, or the 
nap of cloth," The food-bag itself is 
termed the stomach, because it is the 
receptacle into which the food is poured 
from the mouth. f The stomach and 
its canal-like intestinal prolongation, are 
lined by a membrane that has some- 
what the appearance of velvet, being 
covered with soft villous projections. 
Each little villus has a sponge-like 
cluster of absorbing vesicles at its tip, 
and a series of tubes or vessels running 
in from these. The most casual glance. 
Fig. e.-sinictniB it a. when helped by the microscope, suffices 
teJu!o'''^wtag""'tta to show how materially each of these 
Sr »f^ ^'^^n^-ml villous projections resembles the root- 
.1.C1II.B point. ig( of ^ plant. But each has for its 

sucking-in work an advantage the vegetable radicle does not 
possess; that is, a certain capacity for free movement, 
• Villus, is Ihe Latin woiil foi wool or nop. 
t The word ia derived from the Gieek, Kama, mouth, «nd citff, to 
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irhidi it tanu to excellent account. Each little villus acts 
as a kind of sucking pump, as well as an absorbing sponge. 

The stomach itself is of considerable size, so that it can 
hold on ample store of the food- 
Bobstances submitted to its operations, 
md the canal into which this leads is 
a tube-like cavity, not less than twenty- 
ux feet long in the adult, in order that 
there may be plenty of opportunity for 
the absorption of the liquid food, after 
it has passed the ordeal to which it is 
subjected in the wider, bag-like recep- 
tacle. The long tube is, however, 
gathered up into a series of convolu- 
tions and twistings, in order that it 
may be packed away in the body con- 
veniently for transport. 

The substantial fibrin and farina, 
which are contained in the food- 
products prepared by the plant, are 
crushed and reduced in the mouth into 
the state of moist pulp, by the action 
of the teeth and saliva, and in that 
condidon are swallowed, or, in other 
words, conveyed into the cavity of the 
■tore-bag, or stomach ; the gullet con- 
tracting from above downwards by a 
kind of squeezing motion. So far the 
only service that is rendered by water, ' 
is the softening and moistening of the 
pulp that is about to be pressed down 
the gullet from the mouth by muscular 
action. But once deposited in the 
Stomach, a further dilution of the pulp takes place ; a thin, 
acid juice is poured out from the inner surface of the 
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stnmach, and the pulped food and this juice are churned op 
together by the never-ceasing play of the walls of the bag, 
these being abundantly supplied with muscular fibres to 
enable the churning action to be performed. The acid 
gastric juice which is added to the pulped food, is prepared 
in a series of elaborating chambers hollowed out in the sub- 
stance of the bag. 

The saliva and the gastric juice, aided by the waimth of 
the interior of the living body, exert a very powerful influ- 
ence upon the dense materials with which they are mingled, 
and soon convert them into a loose incoherent mass, which 
is pushed down through the lower aperture of the stomach 
on into the intestine, and is there kept moving gently 
along it in close contact with its soft, velvety, villus-covered 
walls. 

The saliva serves principally to convert starch, in its seve- 
ral diversities of form, into 'soluble sugar, and so facilitate 
its transport by water. Bread tastes sweet when it is eaten, 
because the starch which it contains is converted into sugar 
by the influence of the saliva in the mouth. A similar 
change is produced in the albuminous ingredients of the 
food, such as the gluten of bread, and the fibre of meat, by 
the gastric juice. They also are changed into a soluble 
substance, which is termed peptone.* Two other liquids 
are added to the dissolving pulpy mass, as it glides along 
the alimentary canal — a yellow liquid, of a somewhat soapy 
consistence, known as the bile ; and a clear, viscid liquid, 
termed the pancreatic juice. These are fabricated in two 
large glandular organs, the liver and the pancreas,t pro- 
vided for the purpose, and placed just below and behind 

• The term " peptone " is derived from the Greek word fipla, 
which signiSes to digest. Peptone is the subslance produced by the 
digestion of plastic, albuminous, and tibrinous food. 

f The pancreas is so named because it is a large flesh-like body; 
the word is derived from the Greek ^b, all, and irras, flesh. 
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the stomach. The bile and the pancreatic juice are potued 
out into the alimentary canal a few inches beyond the 
stomachy by ducts which open there into the canal As 
the acid pulp is pushed along past the opening or oudets 
of these ducts, bile and pancreatic juice are mingled in 
considerable quantities with the mass. The soap-like bile, 
which contains a certain amount of free carbonate of soda» 
inunediately neutralizes the acid remaining in the mass, and 
enables the pancreatic juice to complete the conversion 
into sugar of such portions of starch as have escaped the 
influence of the saliva, and at the same time to finish the 
fabrication of soluble peptone from the digesting albu- 
menoid substances. The bile and pancreatic juice also 
enable fatty matters and oil of all kinds to be changed into 
a white, milk-like emulsion, capable of being intimately 
mingled with water. The white, milk-like liquid very soon 
begins to separate itself from the coarser parts of the pulpy 
mass, and is then recognized as " chyle." * The milky chyle 
having been brought into contact with the fine pores and 
channels of the velvet-like pile, or villi, of the alimentary 
canal, is drawn up through their spongy tips (^, Fig. 9), 
just as the nutritive solutions are drawn up into the 
spongioles of the roots of plants. The liquid essence is 
next collected from all the innumerable villous projections 
scattered along over the lining of the canal, by a complete 
network of tubes lying spread within its membranous wall, 
and is so passed on into channels, or ducts, that grow 
larger and larger as they go, until they all finally terminate 
near the backbone in one common receptacle, or vessel, 
which runs up through the chest, and at last empties itself 
into one of the large veins, almost immediately before it 
enters the heart At this point, the chyle, the fresh, milk- 

* From the Greek word kulos^ which signifies juice, or humour. 
When the chyle was first noticed it was considered to be the chief 
essence extracted from foo4 by digestion. 
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like emulsion extracted from the food by digestion, Ms 
miogled with the blood. 

But the living body does not entirely rely upon the 
operation of this ingenious arrangement of special col- 
lecting vessels for the supply of its sustenance. Some 
portions of the food, liquefied by digestion, enter the 
channels of the circulating blood in a still more direct way. 
Every little villous projec- 
tion of the inner membrane 
of the alimentary canal has 
a looped, network of blood- 
vessels investing its central, 
absorbing duct. A small 
artery enters each villus, and 
branches itself out into an 
intermeshing network of ca- 
pillaries, or hair-fine vessels, 
which, in their turn, are 
afterwards gathered up into 
a single vein that turns back 
out of the villus. 

During the con d nuance 
of life, blood is constantly 
flowing, under the strokes of 
the heart, in a never-ceasing 
stream, through these meshed 
loops of the blood-vessels, 
entering by the arterial trunks, permeating their capillary 
branches, and then pouring on, and out, by the venous 
trunks. But as the blood flows in this way through the 
capillary vessels of the villi, it is only separated from the 
internal surface of the intestinal canal, which is bathed by 
the dissolving and liquefied food, by fine films of porous 
membrane. Portions of the liquefied food consequently 
soak through into the interior of the blood-vessels, mingle 
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with the streaming blood, and run on with it in its 
appointed course. 

As a general rule, it is the thinner parts of the liquefied 
mass which are drawn into the vital parts of the oi^ani- 
zation by this direct route through the blood-vessels. The 
thicker and more viscid portions have to be taken charge of 
by the chyle ducts. The white, milk-like aspect of the 
chyle is in reality due to its being in this more viscid con- 
ditioa It contains the greater portion of the oily ingre- 
dients of the food, which do not freely dissolve as dear 
solutions in water. When a small drop of the chjle is 
examined by the microscope, it is seen to consist of 
an infinite number of white 
specks, termed the molecular 
base, with a few larger cor- 
puscles floating in their midst 

Each one of the small white 
specks is an exceedingly minute 
droplet of oil, ensheathed in a 
covering of albumen, which has 
been deposited round it as a 
filmy coat. The larger cor- 
puscles contain same portion 
of the more plastic, albumi- 
nous, or fibrinous ingredients of the food, and are gra- 
dually built up in the chyle during its passage from the 
villi and along the ducts. The vessels which carry the 
chyle are called Lacteals,» on account of the white milk-like 
appearance of that liquid. 

Digestion is thus, in the main, the conversion of 
insoluble, albuminous substances and starch into soluble 
peptones and sugar, and the suspension in water, in an 
emulsion-like form, of the minute globules of oil and fat 
which cannot be made actually soluble, in order that the 
" Fiom lae, the Latin word ftw milk. 




soluble peptones and sugar may be drawn into the delicate 
blood-vessels of the intestinal villi, and the emulsified oils 
and fat be taken in a similar way into the coarser pores and 
channels of the lacteals lying within the embrace of those 
vessels. The chyle, passing into the larger duels, is in all 
probability accompanied by some portion of the more 
soluble products of digestion which flow in greater abun- 
dance immediately into the blood-vessels. 

The completion of this complicated process, as a matter 
of course, requires a certain amount of time. With most 
people it is not until something like a couple of hours after 
a copious meal that the softened pulp begins to be passed 
onwards out of the first chamber, the store-bag or stomach, 
where the maceration of the loosening mass is, in the main, 
carried on ; and, at the very least, another three hours must 
elapse before the most stubborn and refractory of the ingre- 
dients of the food are sufficiently softened and dissolved 
to be in their turn discharged into the intestinal canal. 
Hence the undesirability of feeding at too frequent inter- 
vals. If a fresh meal be introduced into the stomach 
before the old one is thoroughly pulped and dismissed, 
this can only be at the cost of overloading and oppressing 
the working parts of the apparatus. 

There is obviously a limit to the amount of saliva, 
gastric juice, bile, and pancreatic juice that can be fabri- 
cated within the duration of a single day, for the work 
of macerating and pulping which has to be performed. As 
a matter of fact, some portions of the food are very com- 
monly passed on before they are completely prepared for 
transmission into the deeper recesses of the living mechan- 
ism as they ought to be. Also, in the ordinary indulgence 
of luxurious life, more food is constantly taken into the 
stomach than the mere support of the vital actions of the 
economy requires. The furnace then has to be, as it were, 
burned at too great a rate, and high pressure has to be put 
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upon those contrivances of the mechanism provided for the 
removal of waste and excess, which have to be hereafter 
alluded to in more detail. A certain measure of excess of 
this kind is effectively remedied by the compensatory powers 
of the living economy. But more serious disorder is at all 
times apt to be brought about when the excess is carried 
beyond the limits that can be thus satisfactorily dealt with. 
For this reason the well-known old adage, " Enough is as 
good as a feast," may be advantageously modified for phy- 
siological purposes into a new form, and made to read, 
" Enough is better than a feast." 




It will be observed how important a part the great agent of 
transport, water, has to play in the series of operations 
which were described in the last Lecture. At every stage, 
liquids, or aqueous solutions, are employed. There is the 
liquid saliva produced in the mouth ; the liquid gastric juice 
poured out in the stomach ; the liquid bile, with the pan- 
creatic juice, and some other associated secretions, fur- 
nished in the intestine; and, finally, the liquid chyle and 
the liquefied peptones and sugars, which are the perfected 
essence of the digestive transformations. All these liquids 
are chiefly composed of water, which, being largely em- 
ployed in the fabrication of the whole of them, must there- 
fore be freely supplied. This is the one reason of the 
paramount necessity of drink for animals, as it is also why, 
in every kind of drink that Js employed, water must be the 
chief, when it is not the sole, ingredient. 

The stomach itself has no villous projections upon its 
inner membrane, because there are no soluble products of 
digestion at any time within it to be absorbed. Such are 
not formed, during the digestion of the food, until the bile 
has been added in the intestine, to the softening and dis- 
solving mass, nor can the oily ingredients of the food be 
arranged into the finely-diffused, albumen-coated drops or 
spherules which have been described, until they have been 
subjected to the same iniiuence. But the walls of the 
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Stomach can drink in the liquid substances that are intro- 
duced into the cavity, and, above all things, they can 
absorb, at once, and with the most eager avidity, the very thin 
liquid, water. In order that they may be capable of doing 
this, the inner surface is everywhere covered with a network 
of capillary blood-vessels, in all essential particulars like 
those which are looped over 
the chyle ducts in the villous 
projections of the intestines. 
The circulating blood is 
atalltimes streaming through 
this network of deUcate ves- 
sels, entering them by ar- 
terial branches and escaping 
from them by veins; and, as 
it does so, thin hquids, like 
water, soak in through the 
fine films of the vessels, and 
mingle with it. This process 

occurs with such exceeding ^!j^?3.--The^«twork^ot flpa biood- 
rapidity that salts, like iodide ^ 
of potassium, which make the gMtrfo juice, 
thin solutions with water, have been found in the most 
distant parts of the structures of living animals within 
a minute of the time when they have been so intro- 
duced into the stomach. It is by this direct route, indeed 
— the fine blood-vessels of the stomach — that drink is sup- 
plied to the system. Food, which needs to be digested and 
dissolved before it is liquid enoi^h to traverse the fine 
channels of the living body, goes in by the roundabout way 
of the convoluted intestines and the villous rootlets project- 
ing into their cavity. But water, which is already as liquid 
as it can be, passes at once from the stomach to the blood 
without having to go through the tortuous track of the 
intestine, or to encounter for that reason the ordeal of even 
5 
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temporary delay. Only as much of the great agent of 
transport is spared for the roundabout path as is indis- 
pensable for the liquefaction and conveyance of the denser 
ingredients of the food. The rest is summarily taken 
through the flood-gates of the broad, gastric surface into 
the coursing current of life. 

The liquefied extracts of the dissolved food, after they 
have been sucked into the absorbing rootlets and netted 
vessels spread out over the walls of the digestive canal, are 
poured with the returning currents of the blood into a 
rhythmically contracting force-pump, which, by its unceasing 
movements, at each stroke ejects a crimson stream onwards 
into a large arterial tube, 
prepared to serve as the 
great supply-pipe of the 
frame. The blood is 
pumped through an elastic 
tube to all parts of tbe 
body, very much as water 
is artificially supplied to 
the beds of a well-kept 
garden, through an india- 
rubber hose. But the hose, 
in the case of the living 
body, does not run simply 
to one spot. It branches 
ifications, 
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out from the trunk into smaller and smaller i 
until at last every fibre and membrane of the living structure 
is penetrated and deluged by the stream. The final branches 
of the hose are scattered out like the twigs and leaf-veins of 
a tree. But they are so numerous and fine, that they can 
only be seen by a powerful microscope. When the thin 
transparent web which connects the toes of the frog is 
properly stretched before the lenses of a microscope, not 
only can these ultimate branches of the great supply-artery 
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of its body be seen, but also the current of blood rushing 
along through their hair-fine channels under the stroke of 
the force-pump. 

This spectacle of the movement of the living blood, in 
its actual routine progress, is one of the most beautiful of 
the revelations that the microscope has made to the eye of 
man ; but in order to realize all that the instructive exhibi- 
tion implies, it must be understood that, in this instance, 
the moving stream is only seen because it chances to be 
passing through a thin film, which, in consequence of its 
transparency, can be penetrated by the sight; and that 
exactly what is taking place there, where it can be seen, is 
also occurring everywhere in the deeper and more hidden 
parts of the structures of the animal, and therefore also in 
the living bodies of men. The whole solid fabric is being 
continuously flushed with a coursing stream of blood, which 
is so abundantly and so universally diffused, that the point 
of the finest needle cannot be pushed into any of the soft 
textures of the frame without encountering and wounding 
some little tube of the capillary net-work. When this diffu- 
sion and never-ceasing movement of the blood are properly 
comprehended, there will no longer be any difficulty in 
understanding the importance of the part which water has 
to play in the actions of the living economy. It is the great 
agent of transport in this exquisite plan of supply. The 
blood is the rich extract of the food, provided for the con- 
tinued sustenance of the frame, suspended in a copious 
deluge of water. In sixteen pounds of blood, which is 
probably not far from the quantity that is flowing in the 
body of a full-grown human being at any one instant of 
time, about three pounds and a quarter of the weight are 
made up of the denser and actually nourishing parts of the 
liquid, and twelve pounds and three-quarters are pure water, 
employed mainly to confer free movement on the mass. 
The nourishing food is thus literally washed into the flesh, 



the nerve-pulp, the skin, and even into the gristle and bone 
of living animals ; and, in that sense, the animal is living 
upon its drink, as without the liquid water of that drink, no 
such washing in of substantial nourishments, through the 
branching vessels and supply pipes, would be possible. 
The force-pump, which by its rhythmical contractions sus- 
tains this ever-running current of the blood, is a thick, 
fleshy bag made up almost entirely of muscular cords, that 
alternately lengthen and contract. When these cords 
lengthen, they expand the general size of the bag, and thus 
tend to leave a cavity within. When they contract, the 
interior cavity is effaced. The contracting and dilating bag 
is the fleshy mass which is known as the heart, and which 
is suspended by firm attachments in the middle of the 
chest, where its strokes of contraction may be felt by the 
shocks which they cause when the hand is laid upon 
the ribs. The blood is driven out through a large arterial 
trunk when the muscular walls contract, and it is poured in. 
through another opening, supplied from the veins, when the 
contraction is relaxed. There are valves so arranged at 
these several openings that the stream can only Row in one 
direction. Each contraction of the fleshy walls closes the 
valves of the inlet, and opens the passage into the outlet 
The dilatation, on the other hand, produces an exactly 
opposite effect : it draws back and closes the valves of the 
outlet, and leaves free the inward passage from the veins. 
The cavity of the heart, when its deshy walls are extended, 
is large enough to receive about six ounces of blood. Some- 
thing like six ounces are, therefore, pumped out at every 
stroke. But the heart beats, upon the average, from seventy 
to eighty times every minute. Therefore, in each half 
minute of time, not less than from thirteen to fifteen pounds 
of blood, which is about the quantity that should be con- 
tained in a full-grown man, is issued from the heart The 
entire blood of a living human being thus passes through 
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the heart something like one hundred and twenty times 
every hour, or nearly three thousand times in twenty-foui 
hours. 

But, if the heart beats 70 times in a minute, this implies 
that it does the same 
thing 4,zoo times in an 
hour, 100,800 in twenly- 
four hours, more than 
thbty millions of times 
in a year, and more 
than two thousand, five 
hundred millions of 
times in a life of 
seventy years. The 
muscular force, which 
is used in each of these 
contractions, is also very 
considerable, in order 
that the blood may be 
squeezed through the 
. vast myriads of minute 
tubes to which the main 
supply-pipe leads. It 
has been found by ex- 
periment thatitamounts 
for each stroke to a pres- trioia, 
sure of about thirteen Wn» 
pounds on the entire la bhi 
columD of blood This, tbP'ngh ^ 
allowing for the action 
of both sides of the heart,* is a force that would be 
capable of lifting, every twenty-four hours, something 

* The heart in reality consists of a double chamber. There are two 
. hearts of similar construction joined closely together. The abject and 
leason of this will be more folly referred Co presently. 
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more than 120 tons, one foot high.* It may, therefore, 
be conceived how enormous is the expenditure of force 
made by a single human heart during a life of seventy 
years. Yet the wonderful organ is in very many in- 
stances not worn out after the unceasing exertion and 
prolonged efforts involved in that period of time. As 
a piece of moving mechanism, it is capable of at least 
two thousand five hundred millions of strokes before the 
perfection of its structure is in any material degree impaired. 
The reason for this, however, is that, as a matter of fact, 
its substance is repaired as rapidly as it is worn. Branches 
from the great supply-pipe of nourishment, which are 
called coronary arteries, because they encircle the heart 
hke a coronet, or garland, enter the walls of flesh, and 
penetrate everywhere amongst the contractile fibres, as the 
network does within the web of the frog's foot. The blood 
from the minute vessels of this network gives back to the 
hard-working fibres of the heart, whatever of their material 
is used up in the effort of the movement This particular 
instance furnishes an apt and striking illustration of the way 
in which the sustenance of living structure is managed. 
The heart pumps liquid nourishment to its own substance 
as well as to the other parts of the frame. If the inside of 
its fleshy walls could be seen in the same way as the 
transparent film of the frog's foot, it would be found that it 
was flushed with one continuous deluge of crimson blood, 
which enters its fleshy substance by arteries, and flows out 
from it by veins, and never ceases its streaming progress, 
for even an instant, so long as the actions of life are main- 
tained. For seventy years and more, that even flow goes 
on without a break. If at any time the streaming move- 

■ The lowest eslimale thai has been made is here given. Some 
modem authorities consider that the heart of a full-grown, vigorous, 
and healthy mao, performs work that is equivalent (0 lifting 240 tons 
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ment stops, it is because the heart has ceased to beat, and 
when. the heart ceases to beat, it means that life has passed 
into death. 

The crimson blood, which is pumped out from the 
heart, through the branching arterial vessels, to all parts of 
the living frame, is the nutritious substance procured from 
the digestion of the food in the final stage of preparation 
for its appointed work. It is the concentrated essence of 
the food in the process of being washed by streams of 
water to the organized structures of the body, through 
branching and widely-distributed supply-pipes. It is on 
account of the adoption of this liquid method of transport 
that water forms so large a part of the blood, and that in 
sixteen pounds of blood there are not less than twelve 
pounds and three-quarters of water. 

But the ipost casual observation shows that the blood 
of the living animal consists of two distinct parts. When 
the streams of the blood are watched flowing along through 
the minute channels contained in the transparent web of 
the frog's foot, it is at once perceived that the moving cur- 
rent is composed of a quite countless myriad of small round 
bodies, floating in a clear homogeneous liquid, in which no 
distinctive structure can be perceived. The round bodies 
are known as the corpuscles, or little bodies of the blood 
The clear liquid is termed the liquor sanguinis, or fluid of 
the blood. It is now also very frequently spoken of as the 
blood-plasma,* because it is the part of the blood from 
which the plastic, or structure-forming ingredients are 
mainly derived. 

But the liquid plasma of the blood, although presenting 
to the eye the appearance of a simple homogeneous fluid, 
is in reality an admixture of four several ingredients. 

• The word/Zflj/wais the Greek name of the tenacious, clay-like 
substance which was used by the old sculptors for moulding busts and 
statues. 
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Nine parts in ten of it, estimated by weight, are water, 
the water is thickened to a certain extent by the addition of 
three denser materials, which it holds in solution ; so that 
a pint of this clear liquid weighs about 215 grains more 
than a pint of pure water. The liquid contains, in the first 
place, some considerable quantity of salt, — about thirty 
grains to the pint. It also holds in a state of solution 
about 300 grains to the pint of a substance that very 
closely resembles white of an egg, and which is technically 
known as albumen, on account of the white appearance 
it presents when it has been coagulated by exposure to 
the heat of boiling water. If a little blood-plasma be 
boiled, this albuminous ingredient coagulates and falls 
through the liquid as a flocculent deposit. It is, in fact, 
the gluten (vegetable fibrin) elaborated by the plants, 
transferred in a soluble state to the interior of the living 
animal body. It is in some degree held in solution in water 
by the quantity of salt with which it is mixed, and in con- 
sequence of the comparatively low degree of temperature, 
namely, 98° of Fahrenheit, to which the healthy animal 
temperature is limited. 

l!ut the plasma of the blood needs to have a certain 
amount of body as well as of liquidity, because it has to 
flow, in the extreme parts of its streaming circulation, 
through tubes of an exceeding tenuity, or fineness. The 
walls of these capillary, or hair-fine, tubes are made of the 
most slender films, and if only a thin solution of albumen 
and water were flowing along the tubes, this would 
exude through their films as readily as thin water filters 
in through the same kind of films where they are 
spread upon the lining of the stomach. A small quan- 
tity of a size like substance is consequently added to the 
liquid. 

If blood, freshly drawn from the vessels of a living 
animal be whisked up by a bunch of fine twigs, buff- 
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coloured shreds are very soon seen to be clinging about 
the twigs. This is the adhesive size extracted out of the 
blood ; or, in other words, the peculiar principle which is 
known as fibrin, on account of its habit of readily forming 
into threads. It is so easily converted into an adherent, 
solid mass, that it does not require the heat of boiling 
water, as albumen does, to produce coagulation. It is 
nevertheless very similar, indeed, in its material constitution, 
to albumen. The chemist can scarcely find any difference 
between the two. 

Fibrin is merely albumen pushed a small stage further 
on towards the condition of living animal substance, and is 
formed out of the albumen, but only in the channels of the 
living animal structure. It is, therefore, in this respect 
distinct from the more crude preparation which is dis- 
tinguished by the same name amongst the productions 
of vegetable elaboration. Vegetable fibrin is more nearly 
allied by intrinsic properties and nature to albumen, than to 
its animated namesake. Animal fibrin is the plastic mate- 
rial of the food advanced almost to the threshold of living 
existence. As, however, the fibrin of the blood has still to 
continue its streaming progress in the narrow tubes of the 
apparatus of supply, it is very carefully limited to the 
quantity which is convenient for flowing. This does not 
amount to more than fifteen grains in each pint of liquid 
plasma, unless in certain disordered states which tend to 
sluggish movement, stagnation, and undue clotting of the 
blood. 

In some disorders of an inflammatory and rheumatic 
character, the fibrin pretematurally increases in the blood 
until there are between forty and fifty grains in each pint 
of plasma. As a general rule, and in the proper balance 
of vigorous health, fibrin is gradually formed out of the 
albumen in the blood just rapidly enough to keep up the 
proportion of fifteen grains to the pint, and to restore the 
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amount that is taken out of the blood for purposes of 
organic construction. It is a notable fact, which has been 
ascertained by direct experiment, that the size-like viscidity 
of the blood facilitates, instead of impeding, its flow when 
the amount of fibrin developed in the liquid does not 
exceed the proper standard of fifteen grains to the pint, It 
is only when it is generated in larger quantities than this, 
that the more sluggish movement, and more coagulating 
tendency begin to be experienced. When there is too little 
fibrin in the blood, there is generally a deficiency of for- 
mative, or organizing power. For instance, it sometimes 
happens, in such circumstances, that wounds ate very slow 
to repair themselves and difficult to heal. 

This highly plastic material, matured within the blood 
out of the albuminous principles of the food, appears to be 
formed by a process which can now be to some extent 
traced by the observation of the chemist. Intermediate 
states, in its preparation, have been distinctly followed in 
the blood, which are obviously only to be realized in the 
vital laboratory. Two distinct and highly complex prin- 
ciples,* ate first formed, which are both highly soluble in 
dilute saline solutions, and which neither of them coagu- 
late alone. But ihey immediately thicken into coagu- 
lated threads when they are mixed together, and espe- 
cially when this mixture occurs in the presence of a 
ferment that is prepared in very minute quantities in the 
blood. 

There is another still more important ingredient of the 
blood, which is matured out of the nutritious principles of 
the food, after they have been introduced into the channels 
of the living animal body. When the streaming blood is 
watched flowing along in the netted vessels of the web of 
• These intenncdiale substances, which are mixed to produce 
Goagulable librin in the blood, are c-illed paraglobulin, or fibriao- 
L^plaslin i and Rbrinogen, oi the geoeratoi of librin. 
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the frog's foot, it at once becomes apparent to the observer 
that the motion is followed by the eye, because a number 
of exceedingly minute, round corpuscles, or little bodies, 
are carried along in the stream. If the flowing liquid were 
clear and transparent throughout, its movement would not 
be appreciated, or caught by the eye. It is only perceived 
because floating specks, which are distinct objects in them- 
selves, are plainly seen to be carried along in the stream. 
(See Fig. 14.) 

These corpuscles are constructed out of the plasma of 
the blood. They are so very minute that they require to 
be largely magnified before they can be seen. But they 
are, nevertheless, very elaborately and definitely finished 
structures, all of precisely the same dimensions, and of the 
same shape and character. They are round, flattened 
discs, slightly pinched in at the centre, 
and are of a distinct red colour, 
although the plasma, in which they 
float, is colourless and clear. They 
may be very beautifully seen, with 
high magnifying powers, if a minute 
speck of blood, upon the point of a 
needle, be mixed with a little weak Fig. le.-The red oorpua. 

, . cles of human blood, 

solution of salt, and the mixture be highly magnifled, seen 
^, - , • ^' t^ ^t edgeways at o, and in 

then exposed to examination by the foUfaoeatb. 
microscope. They are so thickly crowded together in the 
blood, that they cannot be satisfactorily observed until, 
by this contrivance, they are made to separate themselves 
and float apart. 

For a long time it was conceived that these corpuscles 
of the blood were hollow cases, made of fine, horny films, 
and charged in their interiors with a red liquid. It has, 
however, quite recently been shown that they are fibrinous 
bodies of a porous nature, with their pores filled up by a 
pasty, red-coloured mass. The porous mould of the co^ 





p 



76 FAMILY 



puscle is termed the "stroma,"* or bed, and the red 
colouring substance deposited in the pores, is now known 
to be a product of living organization of very considerable 
importance in the operations of the animated economy. It 
is therefore distinguished by a specific name, and called 
the hemoglobin. 

The red colouring matter of the blood,t this hsemo- 
globin, is a very complex substance indeed. It is remark- 
able, amongst all other compounds built up by animal 
organization, in having iron amongst its ingredients. But 
the iron is in very minute quantities. The dried hremo- 
globin contains but a little more or less than a half per 
cent. A single atom of iron appears to be associated for 
the construction of one ultimate molecule of hemoglobin, 
with not less than 1896 other elementary atoms; of which 
960 are hydrogen, 600 carbon, 179 oxygen, 154 nitrogen, 
'and 3 sulphur.J 
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hitmoElobin, H»«'0"T'K'i'C»™S'Fe'. 

There is also the further notable peculiarity in the 
chemical characters of ha:moglobin, that a considerable 
portion of the oxygen, which it contains in its most perfect 
form, is only loosely attached to the mass constructed by the 
congeries of the other elements ; so that it can be alter- 
nately added to and talcen away from that mass, without 
destroying the structural integrity of the body to which it is 

From stroma, the Creek word for a strnlum or had. 
■f From Ihe Greek words kaima, blood, and globos, a boll. The 
Uler which chieSy farms the balls or globules of the blood. 
} This very complen conslilution has to be assumed by the chcmlsl, 
(or Ihe ultimate molecule of haemoglobin, because the single atom of 
which is associated with this large cluster of the other elements, 
conceived to be a final and indivisible atom. An indivisible alom 
would have lo be divided amongst the molecules, if more than one 
formed out of this group of primary conslilutenLs. 
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temporarily attached. The molecule, indeed, is primarily 
used as a carrier of oxygen. It is employed in the stream- 
ing blood to convey supplies of unchanged oxygen from 
place to place. It is, however, distinguished by a different 
name when its burthen of oxygen is complete, being then 
called oxy-haemoglobin. The principle, like some other 
chemical compounds that are now known, is conceived to 
have two distinct states of existence marked, the one by 
abundant, and the other by sparse, oxidation. The oxygen, 
which is derived by the respiratory process from contact 
with air in the lungs, is linked with the other ingredients 
by ties so readily broken, that it can be given up to other 
more easily oxydizable bodies when it comes into contact 
with them in the innermost recesses of the frame. The 
important consequences of this particular relation to 
oxygen will have to be again alluded to. 

The red colour of the blood of living animals is entirely 
dependent upon the presence of this richly elaborated 
material stored away in the pores of the corpuscles. These 
little bodies, indeed, are essentially cases provided for its 
reception and convenient storage. They are, nevertheless, 
of such exceedingly minute dimensions, that it requires 
some considerable effort of thought to arrive at anything 
like a correct appreciation of their smallness. They exist 
by millions in the minutest droplet of blood that can be 
taken up upon the point of a needle. The red opacity of 
the blood is due to the way in which they crowd in quite 
incalculable myriads upon each other. About 3200 of 
them can be laid side by side within the span of an inch ; 
about 12,400 of them could be packed edgeways, and face 
to face, in the same extent; something like 50,000 of 
them could be pavemented round the head of a pin ; nearly 
five millions could lie flat upon the face of threepenny 
piece. But, as there are at least sixteen pounds of blood 
in the body of a full-grown man, and as one-half of that by 
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weigjit, in die most rigoroos state of health, b corpusctes, 
this implies that there must be & sum total of 22,500 
minizTds (reckoning each miUiard as one thousand niiUioii^ 
— 1000,000,000) contained in the body of a living, homan 
bein^* And, in addition to this, it mtist be Anther 
temembered that these wood^ful bodies are being con- 
tinually leproduced in successire geneiations, often for 
a period exceeding seventy years, before the number of 
them concenied in the support of a ^gle human life has 
been taken into the account. 

The minute corpuscles of the Mood are the fiist pro- 
ducts of stnictunU organization effected in the body of 
living animals. Diminutive as they are, they are structures 
built up on a definite plan, and fashioned for the perform- 
ance of a specific task in the economy. They are, indeed, 
in a certain sense, endowed with life. Each little corpuscle 
li a living object, with a career and a destiny of its own. It 
grows out of the plasma of the blood. How, in the first 
instance, it is formed out of this plasma, it is not yet 
possible to say, this being one of the mysteries of life which 
have not yet been fathomed by the investigations of science. 
But it is at any rate clear that the corpuscle is formed in the 
blood, and is a product of some subtle force brought into 
play in the body of the living animals, and in no case 
capable of producing any similar result externally to it. 

Although the red corpuscles of the blood are carriers of 
oxygen, this, it must be remembered, does not in any sense 
militate against what has been said of water being the great 
agent of transport in living structures. The corpuscles, 
which carry the oxygen, are themselves transported by the 
flowing streams of a thin, watery liquid. They are like 

urnetHlion in figures of the number of corjiusclcs conlnincd 
to the blooi! of a full-grown human being, is 22,500,000,000,000. This 
quinlity which counting at ihe possilite rale of 300 pei minute, 
It wuuld 1:ike 242,413 years !□ i<x:kon up. 
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boats freighted with cargo. But, over and above this, they 
are themselves very largely made up of water, even in their 
essential framework. In a pound of red corpuscles, sepa- 
rated from the plasma in which they float, more than ten 
ounces of the weight is due to the water which they contain. 
In the liquid plasma itself, eight-ninths of the liquid is made 
up of water. In one pound of plasma there are something 
more than fourteen ounces of water. Taking the blood as 
a whole, corpuscles and plasma, in every pound very 
nearly thirteen ounces are pure water. In sixteen pouncb 
of blood, thirteen pounds are water, the other three pounds 
being made up of the solid ingredients that are contributed 
from the food to thicken the plasma and to build up the 
corpuscle. 

The red corpuscles of the blood, however, are not the 
only kinds of structural bodies that can be detected floating 
in tlie liquid plasma. There are associated with them, but 
in much smaller numbers, another kind of corpuscle, which 
is known to physiologists as the colourless corpuscle, 
because it is entirely destitute of the coloured principle 
that is stored in its red associate. The colourless corpuscle 
is of slightly larger dimensions than the red. But it is by 
no means as fixed in form. It changes its shape not 
unfrequently even whilst it is being looked at, and has a 
power of spontaneous movement in its own substance 
which confers upon it the capacity to push out finger-like 
projections. In consequence of this faculty of changing 
its shape, it is able to insinuate itself into very minute 
apertures and pores. 

This colourless corpuscle is even more obviously a 
living body than its red-coloured associate. There is never 
more than one colourless corpuscle to every four or five 
hundred of its red companions. It is not easy to trace the 
origin of these curious bodies in the streaming blood, but 
they are known to be increased in number shortly after the 
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taking of food, and are certainly formed out of its i 
plastic ingredients. Occasionally not more than i 
colourless corpuscle can be found in a group of 800 
coloured ones, and then suddenly the number appears to 
be doubled. The purpose to which these protean and 
changeable structures are destined, after they have been 
made in the blood, is not as satisfactorily ascertained, as in 
the case of the red corpuscles. But it is probable that they 
have something to do with the fabrication of fibrin out of 
the albuminous ingredients of the blood-liquid. They are 
themselves only produced after the liquefied food has been 
passed through a series of glandular structures, on its way 
to be mingled with the blood, and the young forming blood 
seems to be incapable of coagulating until they are present 
in it. 

When blood is allowed to flow out of a wound made in 
the vessels of a living animal, and is left standing at rest in 
a suitable vessel, it very soon separates, as is well known, 
into a thin serous liquid, and a clot which floats upon its 
surface. The clear liquid is, however, not the same thing 
as the transparent plasma in which the white and red 
corpuscles are ot^inally contained. It is that blood-plasma, 
deprived of its fibrin, or most adhesive part. The fibrin 
separates from the clear liquid as a mass of interwoven 
threads, and, as it does so, entangles the corpuscles in its 
meshes. The clot consequently is the corpuscles and fibrin 
mingled together. 

The oily principles of the food, which are taken up in 
such abundance from the villi of the intestines by the 
lacteal vessels, are carried on into the blood and mingled 
with the general stream. But they rarely accumulate in it 

any large quantity, on account of being immediately 
turned to account in various active processes that are in 
progress in the system, and especially in those which are 
concerned with the production of muscular movement, and 
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with the maintenance of the warmth of the body. They 
rarely amount to as much as a half per cent, of the liquid 
plasma. They are rapidly seized upon by the oxygen 
carried in the red corpuscles of the blood, and are by its 
agency consumed, being turned into carbonic acid and 
water by a kind of slow burning. Small portions of them 
are applied to constructive work ; but by far the greater 
part, after having been in some way ultimately mingled with 
the organized structure, are used for the maintenance of 
the heat of the body.* In average health, the blood of 
the living animal is kept by this agency at a steady tem- 
perature of 98°, which appears to be the most favourable 
one for the carrying on of its multifold operations. When- 
ever at any time the oily ingredients become too abundant 
in the blood, they are forthwith drawn out from the chan- 
nels of the circulation, and stored away in convenient 
reservoirs as fat They are then taken back into the blood 
out of these store reservoirs if at any time too little of the 
combustible fuel is supplied directly from the food for the 
maintenance of the proper degree of warmth. It appears 
that oil is also to some extent made for heating purposes in 
the animal economy, out of other principles, by a des- 
tructive change in their compositioa 

* There is some doubt whether the oxidation of these combustible 
principles ever takes place freely in the blood. (See Lecture IX,) 
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It is a remarkable circumstance that sugar is only contained 
in the blood in very minute quantities, notwithstanding the 
very large abundance of it that is supplied from the 
digestion of farinaceous food, and introduced through the 
absorbing vessels of the alimentary canal There is, of 
course, a special reason for this, and it is worthy of careful 
attention on account of the part which the arrangement 
plays in the operations of the living organization. Starch, 
it will be remembered, is a product of vegetable elabo- 
ration, which is rendered insoluble in liquid menstrua, in 
order that it may serve the purpose of a fixed store, to be 
drawn upon as need requires ; and which is converted into 
sugar in the process of digestion, in order that it may 
be capable of transport as a liquid through the absorbing 
pores of the digestive tract. But this soluble sugar is 
again turned back into an insoluble condition, very 
much resembling that of starch, when it has been intro- 
duced into the inner chambers of the animal body. All 
the saccharine portions of the digested or digesting food 
are drawn into the looped meshes of the delicate blood- 
vessels which have been described as distributed upon 
the walls of the digestive canal. But the entire series 
of these collecting loops are finally united together to form 
one large vessel that carries the blood they have gathered 
from the digestive cavity to the liver. By the action of the 
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transmuting powers.of the liver, the sugar is there converted 
into a substance known as glycogen, which is properly a 
kind of animal starch. Its chemical composition is very 
nearly the same with that of the starch formed by the 
plants, with the exception, perhaps, that there are three 
times as many of the atoms of each different elementary 
ingredient in each of its molecules. There appear to be in 
each eighteen atoms of carbon, thirty atoms of hydrogen, 
and fifteen atoms of oxygen. 

Symbol expressing the chemical composition of a molecule of 

glycogen, H«>0»6C'8. 

This gives, it will be observed, exactly the same propor- 
tional amount of three several ingredients as is present in 
the smaller molecules of vegetable starch. The glycogen 
thus formed is stored in the liver, so that its vesicles and 
chambers are at all times densely charged with the product. 
But the abundant glycogenous store there collected is again 
gradually and slowly turned back into sugar, and in that 
state re-issued to the blood as it passes on from the liver to 
the heart, to be forwarded thence, by its pumping action, 
to all parts of the frame. The name of this substance is 
intended to imply its readiness for conversion back into 
sugar. It means simply the "generator of sugar."* The 
sugar thus provided, and thus regularly issued to the blood, 
in carefully apportioned quantities, is then used both for 
building and warming purposes. It is burned up as a fuel, 
after it has been in some way attached to the living organi- 
zation, and so turned into water and carbonic acid with the 
evolution of heat. It is in this very ingenious and admir- 
able way that the copious amylaceous ingredients of the 
food are turned to account as heat-producing fuel, without 
at any time accumulating in the blood in sufficient quantity 
to cause derangement in the delicate balance of its compo- 

• It is derived from the Greek words glucos^ sweet, and gennaoy 
to produce. 
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sition. The singular resemblance of this procedure to the 
one which is adopted in the plant will be at once perceived. 
In the plant, soluble sugar is converted into insoluble 
starch, that it may be stored in the seed, and be then re- 
issued as soluble sugar, in care fully- regulated proportions, 
as that is required for the purposes of construction and 
growth. In the animal, insoluble starch is converted into 
soluble sugar, that it may get washed through the fine pores 
of the digestive membrane into the blood-vessels. It is 
then reconverted into insoluble, starch-Hke glycogen, that 
it may be stored within the liver, and it is subsequently 
reissued from the liver in the form of soluble sugar, 
in carefully regulated quantities, as it is required by the 
blood. 

The albuminous principles of the digested food are 
treated in the system very much in the same way as the 
unnitrogenized product just spoken of. The albumen, after 
it has been broken up and dissolved by digestion, is carried 
with the sugar in large quantities to the liver, and is there 
split up into two parts, of which the one is appropriated to 
the fabrication of glycogen, whilst the other is destined to 
be ultimately eliminated from the blood, by the action 
of the kidneys, after having first performed some inter- 
mediate structural service.* As a general rule, glycogen is 
most copiously stored in the liver when a superabundance 
of farinaceous and saccharine food is consumed. The great 
use of the liver, indeed, seems to be to fabricate a fixed 
store of nourishing and warming material out of the 
starch, sugar, and albumen of the food, and then to re- 
issue it to the onward flowing blood in never-failing, 
although regularly measured, streams, for the vital needs 
of the system. 

The fibrinous, glutinous, and albuminous, or nitrogen- 

* Ii is low well understood thai albumen is decomposed in the liver 
into nun-niliogcnized Elycogen and niirogeniied urea. 
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containing, ingredients of the food, as has been briefly stated 
before, undergo in the process of digestion a transformation 
of a somewhat similar character to that which is effected 
with sugar and glycogen. They are transmuted into a more 
soluble state, in order that they may be the more readily 
introduced into the channels and vessels of the absorbing 
villi, and are then turned back again into albumen after they 
have been so received. In this more soluble state, the product 
is technically known as "peptone." There are slightly 
different forms of this principle, according to the precise 
nature of the food from which it is derived. But in all, 
peptone is still merely a highly soluble state of the 
albuminous material, prepared by the action of digestion 
to facilitate its introduction into the channels of the 
system. Peptones are taken with the sugar to the 
liver, and are there with it subjected to a rearranging 
operation. 

The oleaginous ingredients of the food are also, to some 
extent, dealt with by the liver, although they do not appear 
to take any direct part in the fabrication of glycogen. All 
that seems to happen with fat, which is introduced ready 
formed as an integral part of the food, is that the albumi- 
nous membranes, investing and shutting in the oil globules, 
are broken up and digested, and the globules are so left 
free to turn themselves into the chyle, or lacteal emulsion, 
which is sucked into the chyle channels of the villous pro- 
cesses. The oleaginous globules are then transferred directly 
to the blood, and are there applied as a kind of supplemen- 
tary reenforcement of the stores of glycogen and albuminous 
material furnished by the liver. It is almost certain, how- 
ever, that, in addition to the fat of the food, other fat is in 
some way generated in the chambers of the body, out of 
the saccharine and albuminous materials. Both the oil and 
the glycogen are transferred to the living structures, and 
afterwards burned with the production of warmth. The 



chief difference in regard to them seems to be that, in 
burning, the material derived from the glycogen is converted 
principally into carbonic acid, whilst that derived from the 
oil is transformed into carbonic acid and water, on account 
of the larger proportional quantity of hydrogen which oil 
contains 

The formation of glycogen in the liver is an apt illus- 
tration of what is termed the process of "secretion." The 
glycogen is secreted, or separated from, the blood.* The 
liver is, consequently, an organ, or instrument, constructed 
for secretion. It is a very large structure on account of 
the important function which it has to perform. Besides 
glycogen it secretes bile, which is temporarily stored in a 
receptacle known as the gall-bladder, and which is thence 
returned into the alimentary canal, to give further assistance 
there in the digestion of the food; the bile, however, is 
principally formed from the exhausted nitrogenous sub- 
stances, which have accomplished their task in the con- 
struction of vital organs, and which require therefore to be 
removed out of the blood and dismissed from the system, 
and not from the fresh food, as glycogen is. The bile is 
principally waste matter ; but, before it is finally ejected, 
it is turned to good practical account, by being made to 
contribute to the introduction of fresh supplies of food. 
Thus it neutralizes the free acid of the gastric juice as soon 
as the digesting pulp is mingled with it in the alimentary 
canal. It removes out of the way the ferment which was 
mingled with the acid to bring about the solution of starch, 
and so prevents it from interfering with another ferment, 
furnished in the pancreatic juice, and adapted to perform 
its work in the presence of an alkali, instead of in co- 
operation with an acid. And it prepares the absorbent 
membranes of the villi of the alimentary canal, to appropriate 
• The word secretion is derived from the Latin sicn/ui 
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and receive the emulsified fats, which reach them in the 
form of chyle.* 

The liver is the largest secreting organ of the body. In 
a fully-giown human being it weighs nearly four pounds. 
Its substance is almost entirely made up of minute vesicles, 
scarcely the thousandth part of an inch in diameter, 
arranged in the form of clustered lobes, and packed densely 
into the meshes of the blood-vessels and bile ducts. The 
great vessel, which gathers the blood from the long stretch 
of the intestinal canal and from some of the neighbourit^ 
parts, enters the liver as a 
large trunk, which is called 
the portal t vein, because 
it in this way enters the 
liver as if by a gate. This 
trunk is divided out into a (j _ 
network of hair-fine or capil- 
lary vessels, vhich are dis- 
tributed throughout the 
gan. They are broken up, 
however, into a great num- 
ber of separate clusters to 

constitute what are desig- pi^. I7._sii0wing tlw ^rnn^ment of 
natea tne tOOUieS OI tne bnl™ or the Urer [a. a) wMoh nm from 

liver. It is in these lobules " " " """ ' ~" "" '' ' *"" 
that the secreting vesicles 
are packed amid the minute 
branches of the blood- 
vessels. The vessels in each cluster, or lobule, converge to 
a central receiving channel, which passes out from the lobule 
as a vein, and ultimately conveys the blood on to the main 
venous trunk that terminates in the heart. 

* Oily matters whicli are lepelled by animal membrane in an 
ordjnaiy state, readily filter througli it after it has been soaked in bile. 

f " Portal " vein, fiom the Latin word peria^ a gate. 




h) the incomiiLg branches of tha 
portkl Tein that canj the blood trom 
the IntesUnea to the liier-to (o, i, e) 
the oonuneiioemeata of the hepatio 
leiu, that oonva]^ the blood on from 
the Urer to Uie heart. 
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Another and quite distinct network of fine vessels is 
interwoven with the branching blood-vessels, to receive the 
bile, which is drawn out from them by the vesicles. As 
the blood is flushed on in a continued stream through the 
minutely divided blood-vessels of the lobules, the ingre- 
dients of the bile are drawn out of it by the vesicles, and 
poured into these separate channels. This is the essential 
part of the act of secretion, or separation. The bile is 
then gathered up from these receiving ducts into larger and 
larger tubes, which finally discharge their contents into the 
gall-bladder, a reservoir of considerable capacity. From 
this the bile is passed through another vessel, known as the 
common bile-duct, and then discharged into the alimentary 
canal, to be there mingled, as has been already described, 
with the mass of the digesting food. The glycogen is taken 
out of the blood by a similar apparatus of secreting vesicles, 
but it is retained and stored apart in the interior chambers 
and cavities of the liver, to be thence gradually issued, as it 
is required, not to die gall-ducts, which would pass it on to 
the digestive cavity with the bile, but to the hepatic veins 
which run on to the heart. The great ma^s of the blood is 
thus deprived of the ingredients of bile and glycogen as it 
passes through the hver, and is sent on, to that extent 
refined and purified, to feed the stream which is distributed 
from the heart for the general uses of the frame. The 
liver is thus both an elaborating, or perfecting, and a purify- 
ing organ. Besides separating the waste refuse which 
chiefly constitutes the bile, it forms the fixed store of 
glycogen, and also produces some subtle rearrangement 
of their ingredients in the molecules of the blood, which 
renders them more fit for the work to which they are 
finally applied. 

It can, therefore, be readily understood why the liver is 
so large an organ. It completes the preparation of the 
food for its great work of sustaining the movements and 
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functions of animal life. It is in this sense the efiective 
source of vital strength and power, as is in some measure 
indicated by the fact that the blood which issues from the 
liver by the hepatic vein, possesses a higher temperature 
than any other parts of the living fabric. The organ is of 
such vast importance, that it contains within itself about one- 
quarter of the blood at any time within the body. It has 
also a double supply of blood. It receives arterial blood 
for its own sustenance and support from the hepatic artery, 
and it receives venous blood, the material upon which it 
has to operate in fabricating bile and glycogen, from the 
portal vein. Sugar and peptones are stopped by the liver, 
on their way from the alimentary canal to the general circu- 
lation, in order to be turned into glycogen and urea. It 
has hence been proposed by one high physiological autho- 
rity * to designate the liver a " sugar-destroying " org an.If 
at any time this proper office of the liver be inefficiently 
performed, and the sugar be not duly arrested and con- 
verted into the store of passive glycogen, the excess of it 
appears in the blood, and in other parts of the living frame, 
where it ought not to be. In the disorder known as dia- 
betes, this is particularly the case, and free sugar is dis- 
charged in large quantities by the kidneys. It is now well 
understood that this grave disease very commonly originates 
in the failure of the liver to accomplish its proper work, and 
the disease is often successfully healed by withdrawing all 
kinds of starch and sugar from the food, in order that llie 
liver may have no sugar to destroy, and, in this way, be 
relieved from the strain of work which is too much for it in 
its deranged state. 

It is not thoroughly understood how sugar is changed 
into glycogen in the liver; but it appears to have been 
ascertained that the transformation is brought about by the 

* Tscherinow speaks of the liver as being glycophthiric, that is, 
sugar destroying. 
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production in the vesicles of that organ, of a small quantity 
of a very active fennentj which has the power of accomp- 
lishing the conversion. At any rate, the two great func- 
tions, which are now attributed to the liver by physiologists, 
over and above its more obvious office of forming bile, are 
first to make glycogen from the sugar and peptones supplied 
from the alimentary canal, and store it up until required 
for use ; and, secondly, to give back to the body during 
fasting the nourishment it has stored up during digestion, 
by reconverting the glycogen into sugar. 

The liver is correctly spoken of as the largest of the 
secreting organs contained in the body of the living animal 
But is only one of a somewhat numerous group of struc- 
tures provided for the same work of separation, or secretion. 

In all of these a similar type of construction is adopted. 
Blood vessels ramify out into a network of capillaries, and 
then collect into large common channels that issue from 
the network ; and vesicles are packed in amid the meshes 
of the vascular reticulation, with a system of separate ducts 
to receive the product which they draw out of the blood. 
Whenever any particular liquid has to be prepared for 
some specific service, this plan is pursued. The liquid is 
drawTi by the clustering vesicles out of the blood, as it 
flushes through the capillaries. The saliva required to effect 
the softening and solution of the farinaceous parts of the 
food, is prepared by the secreting clusters of vesicles which 
constitute what are known as the salvary glands. The 
stomach itself is a vast, hollow, secreting gland, its thick 
walls being permeated by the vesicles and plexus of blood 
vessels, which are required for its secreting operations : 
the liquid it separates from the blood by their help, is the 
gastric juice that is poured out into the cavity of the 
organ from a myriad of little follicles, or pits. The pan- 
creas is a secreting gland which separates a juice that deals 
with both the farinaceous and the oleaginous principles of 
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the food, in the interior of the alimentary canaL The 
spleen is a gland which has no channels of outflow. It is 
made up of lobed clusters of vesicles, and finely-meshed 
capillary blood-vessels; and it appears simply to produce 
some change in the composition of the blood as it passes 
through the capillaries, tending to its more perfect elabora- 
tion. It is thus a secreting organ without any outflow, for 
the product of its action, which therefore passes on in the 
general stream of the blood, instead of being collected from 
it into some separate channel, or reservoir. In all these 
instances, the organs are, so to speak, manufactories for 
the fabrication of products that are required for some 
special service in the living economy. The liver, it has 
been seen, is a secreting organ of a compound nature, in 
which certain products are elaborated, at the same time 
that a vast mass of waste material is drawn out of the blood. 
The skin is a secreting organ, spread over the entire external 
surface of the body, and pierced with a myriad of pores, 
through which the material, separated by it from the blood, 
is perspired, or exhaled into the air. The kidneys are 
secreting organs, designed for a special and most important 
work of purification, and will have to be more particularly 
dealt with in a subsequent lecture. They take from the 
blood the waste materials, resulting from the wear and tear 
of the nitrogen-containing ingredients of the living organi- 
zation, and wash them away as urea suspended in 
water. The lungs are excreting organs which separate 
waste substance from the blood, by means of a widely- 
spread net-work of capillary vessels, and which dis- 
charge it into the outer air as impalpable vapours and 
exhalations. 

The structure of secreting glands was first carefully 
investigated by Professor Malpighi, of Bologna, towards 
the end of the seventeenth century. He was aware that 
the secretions were poured out from the blood in the 
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fine capillary vessels of these glands. But he thought that 
the process was merely one of filtering. He conceived 
that the glands were something of the nature of sieves, and 
th'at the material separated in them from the blood 
depended very much upon the fineness or coarseness of 
the pores through which the liquids had to pass. This 
view was pretty generally held until, in 1 830, the German 
physiologist, Johannes Miiller, published a very remark- 
able treatise on secreting glands. In this he for the first 
time taught that the act of secretion was due to living 
matter contained within the glands. The Scotch physio- 
logist, John Goodsir, confirmed this view, and attributed 
the process to the influence of the vesicles, which are 
packed away in the glands amidst the branching blood- 
vessels and ducts, and which are themselves elaborately 
organized, living structures. He pointed out that the 
special secretions make their appearance just within the 
interiors of these vesicles, and are discharged from them 
into the ducts which are provided for their reception and 
removal. He maintained that the difference of the secre 
tion in each case is due to the difference of the vesicles 
which are operative in each kind of gland, and that these 
vesicles are organized in the most exquisitely perfect way 
for the particular work they have to perform. Certain 
liquid materials of the blood are exuded through the 
filmy walls of the fine capillary blood-vessels into the inter- 
vascular spaces of the gland, as a kind of lymph, and this 
lymph is then absorbed by the vesicles and used as the raw 
material of their elaborating work. Fine nerves are sup- 
plied to the capillary blood-vessels of the glands, and exert 
some influence over the process of secretion, by the power 
which they possess of dilating and contracting the channels 
of the vessels. But the structures that are essential in 
every form of perfectly developed secreting gland, are the 
blood-vessels which supply the blood, and living vesicles 
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which act upon that blood, and the ducts which receive and 
utilize the products of that action. 

In the case of the three great secreting glands that are 
most immediately concerned with the process of digestion, 
namely, the salivary glands, the gastric follicles, and the 
pancreas, the power of the secretion is mainly due to a 
particular substance termed a ferment, which is generated 
by the vital action of the vesicles. A ferment, as will be 
understood, is a substance of somewhat complex compo- 
sition, which is capable of setting up a progressive change 
of molecular constitution in a considerable number of 
other substances also of complex composition, when added 
to them in comparatively minute quantities, as occurs 
when yeast is mixed with dough or with sweet-wort. 
The change produced in the larger mass is that which is 
familiarly known as fermentation, on account of its being 
invariably accompanied by the escape of carbonic acid gas 
with a kind of bubbling, or boiling. There are two 
distinct forms of ferments known to physiologists: the 
organized, and the unorganized, — technically called also 
"zymogens," or the generators of fermentation; and 
" enzymes," or contained ferments, so designated because, 
for the most part, they result from the transformation, or 
decomposition, set up by the vital action of organized 
ferments, or zymogens, and are at first stored within them. 
Enzymes, or unorganized ferments, are thus commonly 
fabricated within the interior of the vesicles of secreting 
glands acting as zymogens, and may be extracted from 
them. It is upon these unorganized ferments, thus gene- 
rated, that the dissolving and transforming powers of the 
digestive juices depend. 

Thus, within the living vesicles of the salivary gland, 
an unorganized ferment is fabricated by their vital agency, 
which is capable of digesting starch and converting it into 
sugar. Within the vesicles of the glandular follicles of the 
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stomach, a ferment is constructed which, with the co- 
operating agency of a free acid, is capable of digesting 
nilrogenized food-substance into peptones. 

Within the vesicles of the pancreas, three ferments are 
generated, which are competent to take up and complete 
the work that has been left unfinished by the saUvary 
glands and the stomach : the one converting starch into 
sugar, and being capable of doing so in the presence of 
a free alkali, which is required in the lower part of the 
alimentary canal for the operations upon fat ; the second 
changing nitrogenized substances into peptones ; and the 
third transforming fats and oils into an emulsion. The 
fat-decomposing ferment of the pancreatic juice acts only 
after the neutralization of the acid. 

The pancreas, which is provided for completing the 
already half- accomplished digestion, and for" dealing, in 
the lower part of the alimentary canal, with all the several 
classes of food-constituents, has three distinct kinds of 
vesicles contained within itself: one for furnishing the 
ferment that transforms the starch, one for supplying that 
which transmutes the nitrogenized substances, and one for 
the production of the ferment that decomposes and 
changes fat into chyle.* 

The stomach has two kinds of secreting vesicles ; one 
for the preparation of the ferment, and one for the pro- 
duction of the acid. The salivary glands have also two 
kinds ; one for the production of the ferment, and one for 
the formation of mucus, which lubricates the mouth and 
facilitates the movements required for vocal articulation 
and for swallowing. 

Each one of these different kinds of vesicles is so 

■ The slarch-dissolving ferment, in saliva and gastric juice, is called 
diaslase ; the proleid dissolving ferment of gastric juice is termed 
pepsin ; and the proteid dissolving (ermeot of the panciealic juice is 
distinguished as trypsin. 
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distinct in its aspect and structure, that it can be at once 
recognized by the anatomist. One of the most remarkable 
of the conditions found in this complicated process, is that 
the acid which is secreted in the stomach, by one of these 
varieties of vesicles, is the unorganized, and in its concen- 
trated state corrosive, agent known to the chemist as 
hydrochloric acid. This hydrochloric acid is produced in 
the vital economy of the body by a direct chemical 
decomposition of some of the saline ingredients contained 
in the blood. The vesicles draw these ingredients in solu- 
tion out of the blood, and then loosen and rearrange their 
elementary constituents and fabricate the acid out of them, 
which is immediately afterwards mingled with the other 
secretions from the glands of the stomach, so that it remains 
from the first in a very dilute state. 
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LECTURE VI. 

The Circulation of the Blocd. 

The various secreting organs are supi:)lied, ilwill be remem- 
bered, with the blood, which their separating powers are to 
operate upon, by means of branch vessels thrown off from 
the great trunk blood-vessels ; some from the aiteiial 
trunks which forward the blood from the heart, as in the 
case of the sahvary glands and secreting follicles of the 
Stomach ; and some fiom the venous trunks which carry 
the blood back to the heart, as in the case of the liver. In 
all these instances, it is a portion only of the great circulat- 
ing stream that is diverted to the secreting apparatus. Thus 
it is about a fourth part of the entire volume of the blood 
which is sent to the liver during each act of circulation, 
But there is one secreting organ marked out from all the 
rest by the circumstance that the entire volume of the 
blood is passed continuously through it. This is the organ 
which is known as the breathing apparatus, or lungs. It is 
called the breathing apparatus, because it is breath, or an 
air-like vapour which is separated in it from the blood ; and 
it is this arrangement of passing all the blood through it, 
immediately and in rapid succession, which has made neces- 
sar)' that reduplication of the heart which has been already 
incidentally alluded to. One-half of the heart is engaged 
in distributing the blood to the lungs, whilst the other half 
occupied H-ith its distribution to all other parts of the 
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system. Both the halves act at the same instant, and it 
therefore seems as if there were only a single contraction, 
or stroke of the pumping organ. But, as an actual fact, it 
is a portion only of the blood which is thrown out to the 
lungs at each stroke, and two strokes are therefore required 
to deal with the two separate parts of the circulating 
liquid. 

The heart is properly divided into a right and a left 
department or cavity. Both cavities are alike in the fact 
that they have a receiving and a distributing chamber, 
known technically as the auricle and ventricle, which are 
only separated from each other by a trap-door, or valve, 
hung so that it allows the stream to flow in but one direction 
— ^that is, from the receiving chamber into the distributing 
one. The left side of the heart deals with the blood which 
is issued to the frame in general, and the right side with 
that which is destined for the lungs. There is also this 
further important condition in the arrangement. The blood 
which is issued from the left chamber of the heart, is 
returned to the opposite chamber on the right; and the 
blood which is issued from the right side, is returned to the 
chamber on the left. The movement of the blood thus 
describes a kind of flgure of 8. The blood from the left 
issuing-chamber is injected into the general system — the 
head, body, and limbs — and is returned to the right 
chamber, to be thence injected into the lungs, and re- 
turned from the lungs to the left chamber, for issue in due 
time as before. This somewhat complicated arrangement 
may be best explained by the use of a diagramatic represen- 
tation, in which the double distribution and figure of 8 
circulation may be seen at a glance. 

The passage ^aken by the blood from the right ven- 
tricle through the lungs is a very much shorter course than 
the one which has to be followed through the manifold 
structures that constitute the head, body, and limbs ; and 
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so also, the space which is afTorded for its reception in the 
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lungs is of much nanower dimensions than the space which 
is furnished by the rest of the body. The lungs-half of the 
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blood, nevertheless, has to get through its journey in the 
same time as the half which belongs to the side of the 
general circulation. If it did not do so, there would 
obviously be derangement of the even flow of the stream. 
It would be driven into a heap and accumulate in undue 
preponderance, where it was pressed into the narrower 
space. This is obviated by the passage through the lungs 
being arranged as a more free and open one, so that the 
blood there pursues its way at higher speed. The right 
side of the heart, in consequence, has an easier task upon 
its hands, although it issues the same volume of blood as 
the left. It is, therefore, not made so bulky and strong 
as the left. It is probable that the right side of the 
heart does not need to exert more than a fourth part 
of the force, to get its half of the blood through the 
capillary vessels of the lungs, that the left side has to exert 
to get its half through the capillary vessels of the rest of 
the body. 

When the blood is thrown from the right ventricle of the 
heart, it enters a large vessel which runs directly to the 
lungs — the soft, spongy structures that are packed in the 
chest on each side of, and close to, the heart — and there 
divides into two branches, proceeding the one to the right, 
and the other to the left, side of the chest. But both of 
these primary trunks then further subdivide into smaller 
and smaller ramifications, until they at length end in the 
usual delicate network of capillary vessels, in this case 
scattered through the lungs. 

These terminal vessels are, in the case of the lungs, so 
minute, that as many as five thousand of them might be laid 
side by side within the length of an inch, and the network 
is so close and fine that its meshes are scarcely wider than 
the vessels themselves. The capillaries of the network are 
ultimately gathered up to constitute enlarging tubes, which 
receive the blood, and carry it on, getting constantly more 
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capacious as they go, until they at length end in one main 
channel of outflow, which empties itself into the left auricle 
of the heart So long, therefore, as the right ventricle 
J I dilates and contracts, so as 

to maintain its pumping 
operations, the blood is 
flushed in a never-ceasing 
stream through the sub- 
stance of the lungs. But 
the blood is materially 
changed in its character 
as it thus flows through 
the pulmonary plexus of 
capillary vessels. It is of 
J' ' a dark purple colour when 

ii''J.SS'H!7 ^"^i"™; it enters the network, and 

. ad upon ths urH»llH of ' 

"•■')■ it is of a bright scarlet hue 

when it leaves those intermeshed channels. It is dull 
venous blood which goes in, and bright arterial blood 
which passes out What has next, therefore, lo be de- 
scribed, is the way in which this remarkable change is 
brought about within the pulmonary structure, and the 
purpose that is answered by the change. The first step to 
the due comprehension of the arrangement is to understand 
that there are air-vessels, as well as blood-vessels, in the 
complicated structure of the lungs, and that the two are 
brought into a very close and intimate connection, each 
with each, which enables the air and the blood to mingle 
and to act the one upon the other. 

The air-vessels of the lungs begin in the cavity of the 
mouth. Immediately behind the root of the tongue, and 
at the top of the throat, there is the opening to a great, 
cartilage-stiffened tube, which is designated the windpipe, 
because it carries wind, or moving air. The windpipe 
passes down through the neck, and then forks out to each 
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lOde of the chest. One branch of the fork goes to the 
right side of the lungs, and the other to the left. 

Each branch of the windpipe 
then gets the name of a bronchial 
tube,* and goes on branching and 
dividing until it finally ends in an 
enormous number of round, blind 
extremities, or bulbous recesses. 
These bulbous chambers are cavi- 
ties designed to be inflated vvitli 
air from the mouth. They are 
technically known as the air-cells, 
or air-chambers, of the lungs. In 
their ordinary and natural state 
they are full of air. 

These air-chambers of the 
lungs are themselves so small 
that something like a hundred 
of them could be ranged side by ^g,-,^(,coMhi! 
side within the space of an 'r'''"^^ uj 
inch. The ends of the bron- ■.^■..-^■,. 

chial tubes are clustered round with these bulbous 
cavities, which have walls of the utmost fineness and 
delicacy. The chambers, indeed, consist altogether of 
films of the thinnest conceivable tissue. The air-tubes are 
strengthened and stiffened by walls of gristle, so that they 
may be kept constantly open to the passage of air. But at 
their dilated, bulb-like ends, the thick gristle disappears, 
and there remains only a thin permeable membrane, 
capable of being as readily penetrated by vapours and 
moisture as bibulous paper is. Upon these permeable 
walls it is that the capillary blood-vessels are distributed. 

Thus, as the blood is flushed through the capillary net- 
work of vessels, it is brought into the closest possible con- 
From ihe Greek word brett^»-hoi, the windpipe. 
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nection with the air. The blood and the air are for the 
instant only separated from each other by the thin films of 
I the air-cells and capillary blood-vessels. Consequently, the 
blood and the air are free 
to communicate with each 
other through the pores of 
these membranes. Vapours 
from the blood are steamed 
out into the air lurking in 
the bulbous cavities of the 
air-cells, and particles of 
the air pass in to the chan- 
nels of the capillaries, and 
mingle with the blood. 

But the air in these 
air-chambers is in motion 
as well as the blood ; not 
however in a continuous 
stream, but in alternate puffs, out and in. It is this move- 
ment of the air in the air-cells of the lungs which is provided 
for by the out-and-in play of the walls of the chest. The air is 
alternately drawn into, and driven out from, these cavities 
by the movements of breathing. When the chest is ex- 
panded, air fiuws in, and when the chest is contracted, air is 
driven out. It is this which constitutes the essential part 
of breathing. The expansion and contraction are managed 
by the movable ribs, or bony basket-work, which form the 
outer walls of the chest, by an arched muscular floor 
which is capable of rising and falling as the breath is thrown 
out and drawn in, and by the natural elasticity of the 
pulmonary tissue. The cavity of the chest is enlarged by 
the action of the muscular fibres, and is then contracted 
by the elastic resiliency of the textures returning to their 
original condition after they have been stretched by the 
muscles. But the air, which is thrown out from the lungs in 
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the act of respiration, is different from that which is, in 
the first instance, drawn in. It is subjected to a certain 
measure of change whilst it remains in the air-cells in the 
close neighbourhood of the coursing blood. When it is 
driven out from the chest it is warm, instead of being cold, 
and moist instead of dry. The moisture may be seen, 
indeed, issuing from the mouth as a cloud of steam, on a 
cold frosty day. The expired air is also loaded with the 
heavy vapour of carbonic acid. At the same time, it is less 
abundantly charged with oxygen gas, the more active con- 
stituent of air. All this change is virtually effected by the 
stream of the coursing blood. The warmth, the moisture, 
and the heavy carbonic acid come out of the blood, and 
the oxygen lost by the air at the same time goes into the 
blood. Eight grains in every thirty-six of the air that goes 
into the lungs is pure oxygen. But there are less than 
three grains of oxygen in the same quantity of air when it is 
exhaled. The air, returned from the chest, contains four 
per cent more carbonic acid than the air which goes in, 
and rather more than four per cent less oxygen. Pure air 
contains 416 parts of oxygen and one part of carbonic acid 
in every 2000 parts. The air, which is expired with the 
breath, contains 80 parts of carbonic acid, and only 32 
parts of oxygen in every 2000 parts. The aqueous vapour, 
which is expired with the breath, amounts commonly to as 
much in every twenty-four hours, as would form a pint of 
liquid water when caught and condensed. The temperature 
of the breath, which comes out from the mouth, is about 
93 degrees of Fahrenheit's thermometric scale. 

It will now therefore be understood whence it is that 
the red compound, lodged in the cavernous pores of the 
blood-corpuscle, gets the high charge of oxygen which is 
loosely associated with its porous mass. The red-corpuscle 
of the blood is essentially a carrier of oxygen to all the 
internal recesses of the frame, and it gets the oxygen it 
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carries from the air-chambers of the lungs. The change in 
the colour of the blood, which occurs in the lungs, has also 
to be traced to the same source. The haemoglobin of the 
corpuscle, so long as it has only its low charge of oxygen is 
of a dull purple colour. But this purple tint is changed 
into bright scarlet when it has received its full charge of 
oxygea* 

The lungs are of considerable size. They are not very 
far inferior to the liver in their dimensions. In a full- 
grown man they weigh nearly three pounds. When fully 
inflated, the lungs can contain, in all their air-tubes and 
cells, as much as 334 cubic inches of air. But of this not 
more than 20 cubic inches, or about two-thirds of a pint, 
are changed with each act of inspiration. Scarcely more 
than the sixteenth part of the entire air-charge of the lungs 
is changed with each act of breathing. It requires, there- 
fore, sixteen breathings in succession to change the entire 
volume of air. But, as the air that is breathed is deprived 
of so large a portion of its oxygen, and receives so large a 
surcharge of carbonic acid, it is spoiled by the act for all 
purposes of animated life. A fuli-grown man, breathing 
sixteen or seventeen times in the minute, spoils something 
more than 300 cubic inches, or one gallon of air, in that 
time, and not less than 250 cubic feet in twenty-four hours. 
If a man could be closely shut up in a square room, 
measuring seven feet across in all directions, and could be 
made to breathe in that closed space for twenty-four hours, 
the entire volume of air which it contained would be 
changed at the end of that time into just the condition of 
air expired from the lungs. But, as a matter of fact, no 
human being could live fortwenty-four hours in such circum- 
stances. He would die long before, suffocated by excessive 
accumulation of carbonic acid and deficiency of oxygen. 

a dull puiple, and oxy-hicmoglobla of a blight 
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The red corpuscle of the blood, when it is driven in the 
general current of circulation through the network of the 
capillaries of the lungs, draws oxygen to itself out of the 
air-cells as it passes along the fine filmy walls surrounding 
their bulbous cavities. Its haemoglobin attracts the 
oxygen until it has acquired as large a charge as it can 
retain. It then hurries on with its burthen to the. left 
ventricle of the heart, and is thence pumped out to some 
particular part of the living system, still carrying with it the 
oxygen. But there the oxygen suddenly leaves the cor- 
puscle which has had it in charge, and attaches itself to 
some structure in the frame for which it has a more eager 
afiinity. This operation, however, is one which exerts a 
most important influence over the receiving substance. 
By the touch of the oxygen, that substance is degraded, or 
decomposed in its own structural integrity, with the pro- 
duction of warmth as one incident of the change, the 
decomposition being of the nature of a slow burning. Car- 
bonic acid and water are produced by the union of the 
oxygen with carbon and hydrogen, and as this carbon and 
hydrogen are removed from the substance, the rest falls 
into destructive decomposition and decay; or is at least 
degraded into some lower form of chemical existence, so as 
to be advanced a material stage towards such decomposi- 
tion and decay. The progressive elaboration of the ingre- 
dients of the food, as they pass forward into the blood, and 
become integral parts of the animated structure, is in 
reality the preparation of the substance to undergo this 
destructive transmutation by oxygen. The crude albumen, 
for instance, which is introduced by the act of digestion, is 
hardly obnoxious to the influence of oxygea But once it 
has assumed the state of living albumen, either in the blood, 
or in the structure of organs, it is at once prone to be 
attacked by the arch destroyer's degrading power. It is 
said that albumen is alive in the animal body when it is 
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once able to " breathe oxygen ; " that is, to be decomposed 
and destroyed by its touch with the evolution of heat The 
distribution of oxygen from the air-cells of the lungs, by 
the intermediate instrumentality of the red corpuscles of 
the blood, in reality " blows up," so to speak, the flames of 
life. It is the determining cause of pretty well all the 
activities that animal life presents. The carbonic acid, 
which is generated by the union of oxygen with the carbon 
of the decomposed substance, is absorbed into the plasma, 
liquid, of the blood, and is by it carried in due course 
the lungs, to be exhaled into the air-cells. This, there- 
fore, is the source of the heavy charge of carbonic acid 
'hich is carried out by the breath. 

The various actions of the living economy of the 
animal are all intimately connected with a process of 
slow combustion, or burning of the various structures 
of the frame, under the toucJi of the oxygen which 
is borne to them by the red corpuscles in the streams 
of the circulating blood. The various organic prin- 
ciples elaborated in the food, in all probability undergo a 
series of progressive changes, after they have been intro- 
duced into the system, of increasing complexity, before 
they are severally built into so:ne organized part of the 
frame ; and then are in the same way passed backwards 
through a series of progressively diminishing complexity, 
before they are finally loosened and resolved back into their 
primary elements. Thus the glutinous product of plant- 
organiaation becomes peptone, albumen, blood plasma, and 
in the end, perhaps, muscle, or brain ; and the muscle, or 
brain, is then gradually reduced back, under the degrading 
agency of oxygen, supplied by the omnipresent blood-cor- 
puscle, into simpler and simpler forms, such as the various 
ingredients of bile, urea, and the like, until they are finaUy 
ejected from the system as carbonic acid and ammonia. 

This progressive transformation, first in the ascending, 
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and then in the descending grade, is distinguished by the 
physiological science of most recent date as " metabolism ; " 
and the various compounds of the body, which are most 
prone to pass through this ordeal or transformation, are 
called the metabolic* constituents of the organization. 
They are essential beyond all other principles to the main- 
tenance of vital action, because it is out of their degrada- 
tion to the simpler forms of composition, and their resolution 
into ultimate elements, that animal warmth, and the forces 
of the various organs are obtained But, in all probability, 
in every case in which vital force is thus derived from a 
complex association of the material elements of the frame, 
it is indispensable that the complex association shall have 
first been built into, or very intimately connected with, the 
actual living organization, and in that sense have been 
endowed for the time with a kind of vitality of its owa In 
some instances, and most essentially in that of muscular 
fibre and nerve substance, two quite distinct forms of 
living structure are associated together, of which the one 
is concerned in the maintenance of the structure of the 
part, whilst the other, by virtue of a more rapid and more 
energetic transformation, is expended in accomplishing the 
work. In every case, however, the oxygen is almost cer- 
tainly given up by the blood corpuscle to the tissue for 
incorporation with its substance, and then forms in that 
tissue a material which decomposes with a kind of explo- 
sive discharge whenever any vital effort is made. The 
explosion, or vital effort, is in every instance of necessity 
accompanied by destruction of tissue, the results, or debris^ 
of which are carried away in the forward flowing streams 
of the blood, to be ultimately discharged from it through 
some one or other of the outlets of excretioa 

The blood, which is issued from the left side of the 
heart, is bright scarlet, or arterial blood, because it has just 
• From the Greek word, tnetabolos^ changeable. 



arrived from the lungs, where the accumulation of carbonic 
acid has been thrown off", and a fresh charge of the vivifying 
oxygen been received by the red corpuscles. The blood, 
which is issued from the right side of the heart, is dark 
purple blood, because it is blood which has been deprived of 
its vivifying oxygen, and which is on its way to seek a fresh 
charge in the lungs. The right side of the heart thus 
receives into its auricle dark purple and exhausted blood 
from the general textures of the body, and issues the same 
from its ventricle to the lungs ; whilst the left side of the 
heart receives from the lungs into its auricle the bright 
scarlet renovated blood, and issues that renovated blood to 
all other parts of the body. The figure-of-eight circulation 
is thus divided into a dark purple and a bright scarlet 
half; the dark purple half being blood on its way to the 
lungs, and the bright scarlet half, blood on its way to the 
other textures of the body where its business is simul- 
taneously to stir up and support the various vital activities.* 
The arterial trunk from the right side of the heart thus 
deals with dark purple, or venous blood, although it is 
essentially an artery ; and the arterial trunk of the left side 
deals with bright scarlet, that is, with true arterial, or reno- 
vated and revivifying blood. 

It must here again be observed that, in this process of 
aerial purification and renovation of the blood, it is water, 
furnished by the drink, that is the chief agent in the 
mechanical work of transport The carrying is all done by 
water ; the oxygen is washed from the lungs to the remotest 
recesses of the living frame; and the carbonic acid and 
other products of the wear and tear of the structures are 
washed back to the outlets, from which they can be dis- 
charged into the air, or into external space. The intro- 

■ This peculiarity of Ihe distribution of the effete purple and the 
fresh scarlet blood, will be more easily apprehended by a careful and 
attentive study of the diagram given at page gS. 
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duction of oxygen to the innermost recesses of the frame 
to fan the fires of life, and the removal of the waste 
resulting from combustive and degrading operations, are 
alike provided for by the mobile powers and ready fluency 
of water. 



LECTURE VII. 

The Structure and Functions of Muscle^ Nerve 

and Brain. 

It has been pertinently and happily remarked, that the 
muscles and nerves are the master structures in the organi- 
zation of animal bodies, to which all the rest minister as 
servants. This is a correct statement of the fact. The 
body of the animal is obviously planned with a view to the 
accomplishment of the two great purposes of animal life ; 
movement from place to place, and the establishment of a 
conscious relation with the objects of the external world 
These purposes are carried out by means of the muscles 
and nerve apparatus. In both these, so unlike parts of the 
material frame, although the structures themselves are of a 
specific character, a certain amount of uniformity of plan is 
followed. 

The movement of the animal body from place to place 
is accomplished by means of jointed levers, termed limbs, 
worked by contracting and expanding fibrous cords, called 
muscles. The muscles are composed of bundles of fibres 
bound up in sheaths, and in that state they constitute what 
is known as the flesh of the animal. If a large muscle is 
cut across in a dead animal, this arrangement is at once 
brought under notice. The ends of the divided fibres can 
then be seen bound up in packets, or bundles. Each 
bundle is composed of a considerable number of fibres 
ranged side by side, like the strands of a rope,and each of 
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these fibres, vhen roagnilied by very powerful microscopes, 
is found to be in its turn composed of a considerable num- 
ber of filaments, fibrils, or 
threads, which are marked ^-^. 

across by transverse dark /^F ^^ ^^r — ^ 

bands, separated from each 
other by lighter spaces. 

Each separate fibril is 
of exceedingly minute size, 
and seems to be made np ri«. i2.-Mu.^!^ ftbres co 
of a series of short rods 
placed end to end, but 
separated from each other by some more transparent 
structure. The rods themselves are so small, in their 
transverse diameters, that 20,000 of them could be placed 
side by side within an inch. It is the rows of these rods, 
ranged closely side by side, with the clear space inter- 
vening between contiguous 
ends, which causes the ap- 
pearance of dark bands 
crossing the bundles of 
fibrils, or fibres. The rods 
themselves, minute as they 
are, appear to be the parts 
which are concerned in the 
vital action of the muscle. 
When a muscle contracts, 
so as to bring portions of 
"■™"- the rigid framework of the 

limbs to which it is attached nearer together, it increases in 
breadth as much as it shortens in length. The dark trans- 
wrse bands come more closely together, and stretch out 
more widely from side to side. 

The bundles and elementary fibrils of the muscle are 
everywhere inserted into the interstices of a close network 
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of capilljuy vessels, to which the blood is brought by an 
arterial trunk, and from which it is taken away by a venous 
trunk. 

As the heart beats, the blood flushes through the channels 
of this capillary network, and as it does so, furnishes the 
muscular fibrils with continual 
supplies both of blood-plasma 
for the nourishment of their 
structure, and of blood-cor- 
puscles freighted with oxygen 
for rousing their activity. 
Portions of the organized 
structures of the fibrils are 
consumed with the act of con- 
traction, and converted into 
carbonic acid and urea, a pro- 
duct of which more will have 
to be said presently. One 
result of the contraction and 
consumption, is the genera- 
tion of heat A very large 
proportion of the warmth of 
the body is derived from this 
destructive contraction of its muscular fibres. About four- 
fifths probably of the energy developed in this way, goes 
into heat, and one-fifth into effective mechanical work.* 
So far as the muscles are concerned, it is almost certain that 
the muscular structure consists of two parts : one which is 
durable, and slow to be consumed, and which serves therefore 
to maintain the general form and permanence of the tissue ; 
the other, the more active and mobile part, prone to decay, 

• Some physio) Dgisls consider iLat one-fourth of the forcedeveloped 
I can be employed as mechanical power under the circumstance of 
I Mpedal cfibit, but that scarcely more than the twenty-fifth pait of 
His oidiiiaiil? so applied. 
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and serving by its ready decompositioD the purpose of 
generating and sustaining the vital movements of the fibres. 
The vast importance oi the muscular apparatus of the 
animal body is strikingly expressed by the fact that a fourth 
part, at least, of the blood contained within the firame, is 
at all times engaged in maintaining the int^rity and 
efficiency of this part of the organization. 

In the nervous apparatus of living animals there are two 
distinct elements, which are at once recognized firom each 
other by the circumstance that the one is composed of long 
delicate tubes, adapted primarily for the transmission of 
nervous action, and the other of thin-walled chambers or 
vesicles, enveloped in the meshes of very abundant capillary 
blood-vessels, somewhat analogous to those which are sup- 
plied to the fibres of muscles, and obviously provided for 
the origination of nervous action rather than for its trans- 
mission. The tubes are like the wires of the electric tele- 
graph which carry the vibratile agency from place to place, 
and the vesicles are analogous to the batteries which gene- 
rate the current that is so transmitted. 

The ultimate tubes, or fibres, of the nervous organization, 
are of almost inconceivably minute dimensions. Nerve* 
threads have been brought within the range of visual per- 
ception, by the help of the microscope, which are so fine 
that fifty thousand of them might certainly be ranged side 
by side in the length of an inch. Of such threads it would 
require something like a hundred and twenty millions to 
make up a cord the size of an ordinary blacklead pencil 
At one extremity of their length these fibrils are moulded 
into the form of a round or flattened rod of albuminous 
substance, destitute of any discoverable external coveringi 
and somewhat resembling the thread of viscid glue which 
can be drawn out from a warm gelatinous solution. In that 
state the pulpy thread constitutes what is known as the 
" axis cylinder," or core, of the nerve fibre. When, how* 

8 
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ever, several of these nerve cores are placed side by side for 
convenience of package, they are coated over, before they 
touch each other, by an albuminous sheath or investment, 
technically designated the me- 
dullary substance of Schwann, 
because it was first noticed by 
a German physiologist of that 
md afterwards by ano- 
ther and outer membraneous 
skin, termed the neurilemma.* 
The nerves traced in the 
animal body by the anatomist 
are made up of a myriad of 
these coated fibrils, of which 
each one is, by this contrivance 
of external coats, kept from 
end to end perfectly distinct 
and isolated from its neigh- 
bours. In this arrangement, it 
) be the central core, 
however, that is the essential 
part upon which the trans- 
The external sheaths 
merely serve the purpose of protection. 

The vesicular portion of the nerve organization is formed 
mainly of more or less globular vesicles of filmy membrane, 
containing in their interior cavities a soft, granular pulp of 
a reddish-brown colour. These vesicles are of a consider- 
ably larger diameter than the fibrils of the nerves, and 
although generally of a globular form, they frequently run 
out into angular corners or horns. By this means the axis- 
cylinders, or cores, of neighbouring nerve threads, are 
brought into direct communication with the granular pulp, 
" From Jie Greek words nnirm, a nerve, and lemma, bark or 
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either by the fusion of the one with the other, or by the 
pressing up of the one against the other, so that only a thin 
filmy membrane intervenes between the pulp of the vesicle 
and the nerve core. 

The pulp-filled vesicles of the nervous apparatus are 
invariably deposited within the meshes of capillary blood- 
vessels, which 
are wreathed 
round them in 
sucha way that, 
asthe blood cir- 
culates through '^ •- 
these channels, 
the vesicles get 
saturated with 
it The blood 
transudes 
through the 
filmy walls of 
the netted ves-j 
sels and also of \^^^ 
the nerve ves- fibril nt c. 
sels with which these lie in close contact. The result of 
this arrangement is that the granular pulp contained within 
the vesicle continually gets renovated by the blood, at 
the same time that its vital activities are roused by the 
oxygen also communicated from the same source. The 
vital action developed in the vesicles is thus in a double 
sense, derived fi^om the blood. The globular vesicles are, 
therefore, the originators of the subtle influence which is 
transmitted along the nerves. The rich, complex food 
brought to them by the streaming currents of the blood is 
changed in their interior cavities into the red granular pulp, 
and then the granular pulp is resolved, under the degrading 
touch of the oxygen, into simpler states, the result of which 




±z^'^m 



Ii6 



FAMILIAR LECTURES ON THE 



is the setting free of force capable of being discharged along 
the tubular fibres as currents of nerve influence, and of being 
so turned to practical account. As in the case of the electric 
telegraph, the originators of the motor influence are stationed 
at each end of the transmitting threads. No nerve current 
is possible without their agency. Wherever impressions 
have to be made from without through the so-called organs 
of sense, the originating vesicles are provided in ample 
abundance. They exist in the eye, the ear, the nose, the 
tongue, and the skin. And wherever the impressions made 
upon the external senses have to be received and registered, 
after transmission along the nerves, or wherever response 
has to be made to these external impressions by some act of 
will, they are clustered also in countless myriads. Above 
all, they abound in the brain, ihe great central organ where 
sense impressions have to be converted into memories and 
ideas, and where ideas have to be dealt with as objects of 
association and comparison. In this particular instance 
they are enclosed, for safe protection, in a hollow casket of 
rigid bone, into which the nerve threads pass as the ap- 
pointed means of communication with the external world. 

Ko nerve current is possible without the originating 
influence of the vesicular structure. The vesicles of the 
external parts of the apparatus are so modified and grouped 
as to constitute the organs of sense. But those of the 
interior part are gathered in various places into clustered 
groups, which are known as the vesicular nerve masses, or 
ganglia.* ^Vherever these vesicular masses are gathered, 
there are fine nerve threads intermingled among them, as 
the vesicles would be of no practical avail unless there were 
channels for conveyance of the influences set up by their 
action. Thus, in the brain, which is the great central 
nerve ganglion of a back-boned animal, the vesicles of the 
• From saHglioii, an old learned name for a lilllc swelling or 
tumour, seated upon a tendon immediately beneath ihe skin. 



1 



PBTSIDlJOGT CF FD^D AXD X^XIXT. irr 



difibcm parte Jie i <<inn i mH ingw^wr ly £x£k libas noi 
fion plaoe ID pboe; xad ^ssrsetnusd ud VKsped jlSooI 
in an djiciljo p s m fbc nKtg ™?^rv-B^ irxr. The ^^^■■^^^^^f** 
put of tlicse rciLVried uav c smses is» bomnem, Jt all 
times dwluq^iinltni from theTf^arTiarpara;^ vidi vliidi it is 
so iiamulrif aworiaird , br xSk whamrss of its stracmie. 
The nenne fifanls are invanibSy viuite. Box die T^esacdfaEr 
a^ggVaimaiiops are as rominonlj of a grey hue, oq account 
of the presence of the red g ia n ii bi pulp in the inteiior of 
tibe vesides^ and also of the great abundance of red blood 
vhidi isdistribatedamon^ them bjdie networic of capiUarf 
Tessds. Blood is, indeed, so pkntifully supplied to the 
bfain, that diis great central organ of neiToas life appears 
to receive something like ten times as much as any other 
vital structure of the same dimensicms. In the human 
brain, the grey vesicnlar mass is principally arranged as 
crumi^ed-up and convoluted folds; and the white fibrils 
are gathered together beneath and within for convenience of 
transmission from the brain to other parts of the body with 
which it is brought into conmiunication ; or for passage as 
commissural* or connecting cords between different parts 
of the brain, which have to arrange and compare the impres- 
sions of sense, and to organize them into ideas. These 
several parts of the brain structure are, however, of such 
surpassingly minute dimensions, that a fragment of the pulp, 
not larger Uian the head of a small pin, must certainly con- 
tain many thousand commingled vesicles and fibres. A 
distinguished physiologist has been at the trouble to calcu- 
late that there cannot be less than two hundred millions of 
nerve vesicles in the convolutions of a single human brain. 
In all probability it is much the same with the brain as 

* The white fibrinous cords which connect diflferent parti of tht 
brain are called "commissures," from two Latin wordN, ecn and 
missus, which signify "together'' and "tent." They are bundloi of 
nerve cords sent together from place to place. 
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it is with the muscles. Some part of the tubular fibres and 
globular vesicles is composed of albuminous membrane, 
which being of a comparatively fixed and unchangeable 
nature, serves to preserve the integrily and general form 
of the organ, whilst other parts are constituted of more 
versatile substance, prone to be thrown into explosive de- 
composition at every fresh touch of the degrading oxygen. 
But, however this may be, it is certain that brain-substance 
is consumed by the operations of sensation and thought as 
much as muscle-fibres are by the mechanical work of 
movement. Each red corpuscle that enters the vascular 
network of the brain, with its charge of oxygen taken 
up in the lungs, makes that oxygen over to the granular 
pulp of the vesicular substance for the stimulation and 
support of its vital operations ; and with each discharge of 
nerve-force that is passed from this pulp to some tubular 
thread atoms, of carbon, hydrogen and phosphorus aie set 
free in some loose and degraded form of association, and 
returned to the plasma of the blood. The nerve-influence 
developed in the vesicular mass is as essentially connected 
with the oxidation and burning of some constituent of the 
granular pulp, as flame is connected with the burning of 
the combustible constituent of a candle or lamp. The 
nerve-influence set free by this operation has been likened 
to a current of electrical force. But it is clearly of a very 
different nature to that, because it moves at a much more 
sluggish pace, and follows an altogether different rule of 
progression. It has been ascertained that it traverses the 
axis cylinder of a nerve at the rate of about two hundred 
feet in a second, whereas the transmission of electrical 
force is made with a speed varying from thirty to one 
hundred and ninety millions of miles in a second. In the 
transmission of the nerve-force there is most probably an 
actual change in the condition of the nerve-pulp, and actual 
decomposition of its complex particles, passed on from 
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molecule to molecule, and this would naturally consume 
more time than the transmission of a mere vibratory 
tremor amongst elastically-strung particles. 

The molecule of the nerve-pulp is obviously a very 
complex agglomeration of constituent elementary atoms. 
It is generally considered by physiologists that something 
more than five hundred atoms of the elementary con- 
stituents are required to construct each molecule. This 
conclusion has been formed because phosphorus Js indis- 
pensable amongst its ingredients, and because to each 
single atom of phosphorus there seems to be attached five 
hundred and eight atoms of the other elements. As the 
atom of phosphorus is conceived to be an altogether 
indivisible substance, and as there is associated with the 
phosphorus as large a proportional amount of the other 
elements as has been named, it follows that there must be 
at least this number of constituent atoms concerned in the 
fabrication of each molecule. To infer that a molecule 
was formed of less, would be to assume that a portion of 
an atom of phosphorus in itself indivisible, could be appor- 
tioned to it. The complex product, which seems to be the 
source of vital activity in the human brain, was discovered 
by Dr. Oscar Liebrich in 1865, and by him called pro- 
tagon." But, like other complex productions of vital 
organization which have been alluded to, this body seems 
to be the highest and last of a progressive series of complex 
substances leading gradually up to its full maturation, and 
the first of a descending series produced afterwards from 
its step by step degradation under the reducing touch of 
oxygen. That protagon itself is of a highly combustible 
character, and very prone to be so degraded by the influ- 
ence of oxygen, is substantially indicated by the fact that 

• From the Greek words frolas, first, and oju, lo lead ; implying, 
as it were, that the substance Is a leading actor in the work of organi- 
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four hundred and sixty-nine of the five hundred and nine 
atoms attributed to the molecule are carbon, hydrogen, and 
phosphorus, all individually inclined to contract combustive 
combinations with oxygen with great development of heat. 
The nerve-vesicle is thus mainly composed of a kind of 
oleaginous pulp mingled with minute quantities of the 
highly inflammable element phosphorus. 



The brain-substance is perhaps the most dehcate and 
refined of all the structures that have been provided in the 
animated frame, consisting as it does of a soft vesicular 
pulp, penetrated everywhere with streams of flowing blood, 
and obnoxious in the highest degree, to the chemical influ- 
ence of meddlesome oxygen. As the blood is flushed 
through the pulp of the brain, some part of the frail 
material is with each effort of perception and thought, 
resolved into simpler forms of molecular association, and, 
in that condition, carried away in the onward currents of 
the blood. But new pulp is at the same time furnished 
from the organizable plasma of the blood. If at any time 
the circulation of the blood through the brain is stopped, 
insensibility and absolute incapacity for the performance of 
any intellectual or volitional operation immediately ensues. 
Sleep is an approximate approach to this torpor of the 
brain caused by the reduction of the current of the blood 
to a very slow rate of movement. This is brought about 
by contracting the dimensions of the capillary channels that 
furnish the supply. During sleep the brain-pulp is blood- 
less and pale. The vital stream is sufficiently maintained 
to supply nourishment for the repair and renovation of the 
exhausted pulp, and it is not sustained in sufficient force 
to keep up the degradation and waste of that substance. 
During the energetic action of the brain, on the other 
hand, a strong current of blood is turned on, and the pulp 
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is stimulated and consumed. with corresponding rapidity; 
and even more than this, the blood is most strongly 
directed to that part of the brain which is most especially 
concerned in the work that is on hand. The vessels, which 
distribute the blood to any given tract of the brain are 
either diminished or enlarged according as that part is to 
be left at rest, or to be brought into an energetically active 
state. There are, indeed, fine nerve-threads and a service 
of beautifully organized muscles attached to the blood* 
vessels x)f the brain, which are employed for the purpose of 
closing, or opening the channels of supply, now here, now 
there, as the case may be. The nerves, that convey the 
influence which dilates the vessels and augments the activity 
of the brain are derived from the spinal cord. But those 
which govern the contraction of the channels and the 
diminution of the activity of the pulp, are derived from 
gan^onic vesicles, known as the sympathetic system, which 
are the nerve-centres of organic Ufe, distributed elsewhere 
about the body, and not forming a part of the spinal cord 
and brain. The familiar action of blushing is an instance of 
the increased supply of blood to a particular part, when its 
blood-vessels are dilated and enlarged. The flush of red- 
ness which then appears upon the cheek, is due to a sudden 
rush of blood to the minute blood-vessels of the skin. A 
blush of a similar kind flushes the grey pulp of the brain 
whenever it is roused into energetic activity. Some phy- 
siologists believe that attention to any particular subject of 
thought is accomplished mainly by the increased flushing of 
that part of the brain which is concerned with that par- 
ticular mental operation. The greater facility with which 
mental work of a specific kind is performed after the 
attention has been repeatedly given to it, is unquestionably 
due to the gradual enlargement of the vessels under the 
influence of augmented and frequent use, and to the more 
ready means which are thus provided for deluging particular 
tracts of the brain with blood. 
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LECTURE VIII. 

The Action of the Kidneys and Skin. 

The kidneys, although of considerably smaller size than 
the liver, ate by no means of less importance to the vital 
actions of the living economy. They are of great conse- 
quence not only as excreting and purifying organs, but also 
in another sense. They provide the chief outlet for the 
water when it has accomplished its carrying task. They are 
of exceeding delicacy of structure, and are perhaps unsur- 
passed by any other part of the organized frame in their 
extraordinary adaptation to the exquisitely balanced work 
which they have to perform. 

Like all the other organs which concern themselves with 
the removal of worn-out material from the blood, the 
kidneys essentially consist of an enormous number of living 
vesicles, clustering within a delicate network of blood- 
vessels, and, at the same time, intimately associated with a 
system of tubes or pipes, laid down to receive and carry 
away the waste material which is drawn oiit of the meshed 
capillary vessels in a liquid state. In this particular, there- 
fore, they very nearly resemble the construction of the 
liven But in the kidneys, the arrangement is specially 
modified to meet the circumstance that the regulation of 
the outflow of waste water has as much to be provided for 
as the removal of solid refuse in a state of liquid suspension. 

There are two kidneys, and they are placed in the 
region of the loins, one on each side of the backbone, and 
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each one of these is supplied with blood by a branch, sent 
off from the main trunk of the artery which descends from 

Iftto BT — The k dueyB fnnl lopilied with ■blood hiitpii It-iplf into a 
Cfiomthe npm arterial trnnk (6) (iJeBoendins ""^'^'' "'"^" '"^" ** 
p»rta)Tv the renal arteries lO thlCkly SCt network 

of capillary vessels through which blood can be flushed 
and be afterwards gathered up again into veins that at last 
issue in one main branch -i j 

This runs to and terminates O 
in, the venous channel, cor- 
responding with the des- 
cendingarterialtrunk, which \ 
carries back the collected ' 
blood to the right receiving ' 
chamber of the heart. 

The secreting vesicles 
tf the kidney, which extract "'^ ywr^^S)"^^ 

Be waste material from the Pig- as.— TBinavenB section of the 

, , . , . tlcal or ertarnal part o£ tho bnman 

lOod, are, however, diS- nej, showing the eioreting docta ( 

sed in a very compact ""afS^J Tr'Bn^^SiSi™''the 'li 
^d definite way. They are ""''^ "' ^^ ^'"'*- 
fevemented round the inside of the excreting tubes, as a 
ind of lining, having the hollow cavity, or canal, withicuj 
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The network of blood- 
vessels is distributed over 
the outside membrane of 
the tubes, and so comes 
very near to the lining 
vesicles, to which it has to 
supply the material for 
secretion. The excreting 
ducts begin in the outer 
part of the substance of 
the kidney as a series of 
loops, which are drawn 
gradually together to con- 
stitute larger and larger 
tubes of outflow. 

The whole of these 
tubes, it will be under- 
stood, are lined by the 
pavement of secreting 
vesicles just described. A 
portion of them, and a 
portion only, have dilated, 
bulb-like, or capsular en- 
largements at their ends 
(see Fig, jg), which are 
termed the Malpigbian 
capsules, because they 
were first observed and 
described, about the year 
1682, by the Italian ana- 
tomist, Malpighi, These 
capsules will have to be 
more particularly alluded 
.-TbBBiiietfiig'diiota.oTtai)nUari. to presently, on account 
'"^^^X^i-^^tt^, of the important use to 
if«fc«hi»n caMniM (t 0) in vfhich they are put. The 
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excreting portion of the substance of the kidney thus mainly 
consists oflooped and winding tubes, so small that from three 
hundred to six hundred of them can be packed side by side 
within an inch, and the round capsular bodies previously 
mentioned. The capsules themselves are so minute and 
numerous, that there cannot be less than two millions of 
them in each human kidney. As will presently appear, the 
great abundance of these capsular dilatations of the excret- 
ing ducts is of the utmost consequence to the efficient action 
of the organ in one important respect. 

The entire series of 
excreting tubes are, in the 
end collected together 
into one funnel like cavity 
or basin, termed the pel 

I vis of the kidney This 

L passes the liquid secretion 
a tube, cilled the 
ureter, which ultira'ttely 
empties it into the large 
reservoir known as the 
bladder 

The quantity of liquid 
excretion removed by the 
kidney varies in adult hu- 
man beings, at different 
times, to a very large 
amount. Thus, it is in 
much larger quantity in 
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the cold weather of winter than in the warm season of sum- 
mer, when a larger amount of water finds its way out from the 
blood by transpiration through the pores of the skin. The 
average quantity, however, is between two and three pints 
every twenty-four hours. Of this, a twenty-second part is 
solid material, held in solution, and the rest water. The 
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solid part, which commonly amounts in the adult to some- 
thing like nine hundred grains in the twenty-four hours, is 
all waste material, which has performed its appointed work 
in the body and then been washed away as refuse substance. 
One-half of the solid material thus dissolved in the liquid 
secretion of the kidney is a peculiar substance distinguished 
by the chemist as urea. This urea is essentially the waste 
material of the flesh and brain of the animal body — the 
most highly nitrogenized portions of the structure. Work, 
both of muscle and brain, increases the quantity of it that 
has to be removed, which sinks sometimes as low as two 
hundred grains in the twenty-four hours, but may rise as 
high as seven hundred grains. The average quantity of 
five hundred grains is, it will be observed, a litUe more than 
one ounce. Urea is, in fact, the nitrogenized constituents 
of the frame, such as albumen, fibrin, and the other more 
complex products of organization, on their way to final 
resolution into their ultimate elements. The last stage of 
this resolution is conversion into carbonic acid and am- 
monia. 

All the highly nitrogenized constituents of the frame 
are in the end turned back into the carbonic acid and 
ammonia, from which they were primarily constructed by 
the plant. But it would be inconvenient that this reso- 
lution into the last stage but one of destructive degradation 
should be made within the body, because ammonia is a 
pungent and irritating compound, whose presence would 
hardly be borne by the living ducts through which it would 
have to be washed. The carbonic acid and ammonia are 
therefore retained in the form of urea, which is bland and 
unirritating, until they are outside of the body. The urea 
is then rapidly converted into carbonic acid and ammonia 
by further additions of oxygen derived from the air. Each 
molecule of urea, whilst incorporated with the water of the 
liquid excretion, seems to consist of one atom of carbon. 
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two atoms of nitrogen, four of hydrogen, and one atom of 
oxygen. 

Symbol expressing the chemical composition of a single molecule 

of urea, H*O^N«C^ 

The addition of two atoms of hydrogen, and one atom 
of oxygen to one of these molecules of urea, suffices at once 
to convert it into a molecule of carbonic acid, and two 
molecules of ammonia; as may be expressed directly to 
the eye by means of the following diagram, where the 
initial letters represent atoms of the elementary constituents. 

Urea. Extra. 

C O O = Carbonic acid. 

N H H H = Ammonia. 

N H H H == Ammonia. 

The additional atoms of oxygen and hydrogen, required 
for this final act of destructive change, are readily furnished 
from some other portion of the degrading substance, or 
from air and water. It will be observed how very simple 
the composition of urea is, containing, as it does, only 
eight constituent atoms in each of its molecules, when 
compared with the more complex substances such as 
albumen, fibrin, fibrinogen, haemoglobin, and protagon. 

But the crowning marvel of the structural arrangements 
within the kidneys, still remains to be described. The 
organ is not merely a piece of secreting apparatus for the 
separation of waste, and to a certain extent, therefore, 
noxious material from the bloodj it is also a floodgate for 
the escape of the water itself from the channels of the 
blood, after it has performed its carrying task. Since water 
has to be introduced afresh with each new contribution of 
the digested and liquefied food, as much water at least 
must be removed from the interior cavities of the body, in 
order that there may be room for it. As water, with its 




vivi^ing and nourishing burdeo, has lo be continuously 
poured into the living frame, water must also be, in a 
similar amount, poured out from its inner chambers and 
channels. In other words, it must be washed through the 
vessels of the circulation, entering by one gate, as it were 
and passing out by a different series of portals. And 
more than this, the kidneys are not only the chief flood- 
gates for the outflow of water, they are also self-regulating 
floodgates, which open a wider passage whenever a more 
free and unimpeded escape is required, and which narrow 
the passage whenever the outflow needs to be less. In 
order that the best physical state, for the ready flowing of 
the blood through the narrow channels of its vessels, and 
for due infiltration through the permeable membranes of the 
various structures, may be preserved, a due liquidity of its 
own substance must be maintained. It must be neither 
too thick, nor too thin, in consistence. In other words, it 
must retain, among the other ingredients of the plasma, 
the exact proportional quantity of water, which is the best 
for its mobile and penetrating work. But under the vary- 
ing circumstances in which living animals are placed, this 
condition can only be secured by the agency of a self- 
regulating apparatus, at all times ready to let off the water 
when it is accumulating to excess, and to husband the 

E supply when that is less copious. Such a self-regulating 
apparatus of the most exquisitely perfect kind is presented 
in one part of the organization of the kidneys. 
It has been already stated that many of the convoluted 
lexcreting ducts of the kidneys end in blind bulbous dila- 
tations, or capsules (the capsules of Malpighi), instead of 
passing freely on like the rest, into the collecting funnels 
and channels of outflow. These bulbous capsules, thus 
inserted amidst the excreting duels, are the self-regu- 
lating valves which control the escape of the water. They 
have nothing whatever to do with the abstraction of urea 
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from the blood. They concern themselves only with the 
thin liquid, water, and such soluble matters as can be held 
intimately united with it, without risk of being filtered off 
when it exudes through fine lining membranes, as is the 
case with bodies tike sugar and ealt. 

The construction of the capsules of Malpighi, these 
floodgates of the kidneys, is 
of a very remarkable kind, 
in order that they may be 
adapted for their office of 
regulating controL Each cap- 
sule contains in its dilated, or 
bulbous interior, a little knot 
of rolled up blood-vessels, 
which is supplied from the 
general network of capillaries 
aheady described. 

The blood, which has tra- 
versed the contorted channel 
of the little rolled up knot of 
capillaries, passes on by a 
single outlet to mingle with 
the general flow in the widely- 
diffused network, that is the 
source of blood-supply to the 
urea- secreting vessels. But 
the effective consequence of 
this interposition of the con- 
voluted tuft of vessels on the 
way to the general network concerned in furnishing the 
secretion, is that a certain amount of additional resistance, 
or impediment, is offered to the passage of the stream in 
the roUed-up knot, and greater pressure is therefore exerted 
upon the walls of its vessels to overcome the obstruction. As , 
soon as this pressure begins to tell, the thinnest portion of 
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the blood, that is, ihe water, commences to ooze through 
the filmy wall of the capillary vessel, and to find its way 
into the cavity of the capsule which surrounds the little 
tufts, and communicates with the passage of outflow. Just 
within the narrowed neck of the capsule, the commence- 
ment of the duct is set round with a compact array of little 
living vesicles, fringed with lashes, which keep these lashes 
in waving motion, and so drive the water on from the cap- 
sule to the channel of discharge, where it is finally mingled 
with the urea that is in process of being drawn from the 
blood through the walls of the duct by means of its layer 
of absorbing vesicles. The quantity of water, which is 
thus added to the general outflow, depends upon the mere 
physical influence of the liquid pressure exerted within the 
contorted vessels of the capsule. It has nothing to do 
with the living force that is concerned in the operations of 
the secreting vesicles. Whenever there is increased pres- 
sure upon the convoluted vessel, from an undue augmenta- 
tion in the quantity of the circulating blood, moie water 
exudes through Its walls, and gets into the surrounding free 
cavity of the capsule, to be thence passed on to the channel 
of outflow. But, whenever the pressure upon the convo- 
luted vessel is reduced, in consequence of a diminution in 
the volume of the circulating blood, the entire liquid passes 
on to the network of capillaries, which furnish urea to the 
further portions of the excreting duct, instead of exuding 
its watery parts through the cavity of the capsule. Both 
urea and water are separated from the blood in the kidneys. 
But the one can be increased or diminished as an 
excretion without interfering with the other. More water 
is poured out through the Malpighian capsules, when the 
blood is highly charged with the thin most readily exud able 
liquid, and less is poured out, when the water in the blood 
is not superabundant, or in an actual state of deficiency. 
It is in this way that the discharge of water from the blood 
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is automatically, or spontaneously, regulated, the floodgates 
are opened or closed, merely by the increase or diminution 
of the fluid pressure to which they are subjected. 

Various other solid substances, besides the waste urea, 
are washed out of the blood through the kidneys. But 
these are all bodies capable of being freely dissolved in 
water, and of being carried with the water through the fine, 
filmy membranes without being filtered off. They are 
most of them of the nature of inorganic salts ; such com- 
pounds as chloride of sodium and the sulphates of potash, 
soda, magnesia, lime, and the rest. They are all waste 
matters in process of removal from the living structures in 
which they have played their part Something like four 
hundred grains of substances of this kind are ordinarily 
cleared away out of the blood by the kidneys every day, 
and of this, very generally quite one half is common salt, 
the material that is so largely and constantly taken with the 
food. But these very soluble ingredients all pass through 
the contorted vessels, or tufts of the Malpighian capsules, 
and not through the vesicles that secrete the urea. 

The strain which is apt to be put upon these most 
delicate organs, by any accidental derangement or irre- 
gularity, will easily be conceived when it is understood 
that the work they have ordinarily to perform is to get rid 
of five hundred grains of urea and four hundred grains of 
saline matters every day, as well as of the waste water. It 
has been estimated that in the usual process of flushing 
with blood, not less than two thousand pounds of liquid 
pass every twenty-four hours through the vessels of each 
pair of human kidneys of average size and activity.* Of 
course this large quantity can only be made up by passing 
the same material through the kidneys, by a process of 
recurrent circulation, over and over again. Each grain of 

* This is the estimate which has been formed by the French 
physiologist, M. Brown Sequard. 
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urea reqaires for is productioa the destmclkm of three 
grains of more highly organized substance. The force 
which is involved in the pfrodaction bj this destructive 
decomposition of five hmidred grains of area, would suffice, 
if converted into mechanical power, to lift seven hundred 
and four tons one foot high. 

The red deposit, which frequently a{^)eazs as a secretion 
from the kidneys, and which is known as uric, or lithic 
add, is really imperfecdy developed urea, which is very 
much less soluble in water in that crude state, than it is 
when perfectly formed. It is waste <^ the nitrogien-contain- 
ing textures of the frame, which has not been sufficiently 
oxidized to convert it into the bland and soluble substance 
that is best suited for its removal through living vessels. 
There is, at all times, a small amount of this imperfectly 
oxidized urea, or lithic acid, in the secretion of the kidnejrs ; 
at the least as much as four grains and a half in the 
quantity produced in twenty-four hours. But, in certain 
states of disorder, as, for instance, in gout and kindred 
diseases, the amount is occasionally increased sevenfold, or 
to as much as thirty-two grains in twenty-four hours. 

As would naturally be expected, the external surface of 
the body is itself an organ of excretioiL The opportunity 
is taken, in carrying out the operations of life, of dis- 
charging at once no inconsiderable portion of the worn-out 
substance of the frame through its outer covering. The 
body of an animal is, in all cases, clothed in a stout and 
tough layer of membrane, which is called the skin, and 
which serves the very useful purpose of keeping the various 
organs conveniently packed together, and of at the same 
time protecting them from the irritating influence of the 
air, and from mechanical injury. This external covering is 
formed of fibres of strong connective tissue woven together 
with several outer layers of dried and flattened scales. 
But there is also an abundance of fine blood-vessels mingled 
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in with the fibrous and less vital part This is significantly 
shown by the fact that the sharpest needle cannot be 
pushed anywhere into the skin without wounding some of 
the small vessels, and causing a drop of blood to escape 
through the opening. The entire skin is filled with a 
capillary network of blood-vessels corresponding very much 
to those which have been described as existing in the 
substance of the liver, the kidneys, the muscles, and the 
brain. 

The dry, external scales, which constitute what is 
termed the cuticle, serve the general purpose of preventing 
the evaporation of water from the liquid substances con- 
tained within. But the skin is, nevertheless, not absolutely 
impervious to moisture. It is pierced with a vast number 
of minute holes, or pores. These pores of the skin are 
indeed so numerous, that it has been estimated there can 
scarcely be less than seven millions of them on the body of 
a full-grown man. With strong magnifying glasses three 
thousand can be counted to the square inch on some parts 
of the skin. 

But these pores are not merely holes, or pits drilled 
through the compact substance of the dry, scaly cuticle, 
and subjacent fibrous membrane. They are really the open 
mouths of little tubes which come out from within. Each 
tube proceeds inwards from the pore as a slightly waving 
duct that passes first quite through the thickness of the 
skin, and then is folded up and rolled round upon itself 
into a kind of ball. 

Each of these tubes, if drawn out so as to unroll its 
convolutions, would be found to be something like a 
quarter of an inch long, and the seven millions of them 
existing in the skin of a full-grown man, if placed end to 
end, would thus make up a length of not less than twenty- 
eight miles. The rolled-up and knotted portions of these 
tubes of the skin are intimately intermingled and associated 



with the meshes of the capillary blood-vessels, so that 
moisture and vapours from the warm streaming blood can 
of easily exude and steam through into the 

channels of the tubes. They are also 
supplied, where they are thus inter- 
mingled, with secreting vesicles which 
help to draw some part of the ingredients 
out of the blood, and pour ijhem into the 
tubes. The tubes in reality are excreting 
ducts, and the excretion which they serve 
to remove is familiarly spoken of as per- 
spiration," because it consists of mois- 
ture and vapour exhaled or " breathed " 
through the skin. 

The rolled-up tubes are first filled 
with vapour, which is thrown into them 
from the blood, and this is then poured 
out into the air through the open pores 
that form the external mouths of the 
B' tubes. By the ingenious contrivance of 

r "*::v.:-j~.f"?*^' hollowing out the substance of the skin 

tube ot tlie hnmaD ° 

■i^jiQsgmfledtweii- into thcse winding cavities, a larger sur- 
tia eoiiYoidtjona of face for the exhalation of vapour is sup- 
loiied up in the eel- plied than would have been at command 
(MijiEgbanBa'hthB if the wholc external surface of the skin 
»iirongh''*it8'™BSi? Ji^d been capable of exudation. But a 
3STo)^M"'t*Mbi control of the process is at the satne 
S^i^iurS^^'- ^'""^ secured, because the external pores 
cttiwot can be more opened or more closed, 
according to the exigency of the moment. 
In ordinary circumstances and in a general way, the exhaled 
vapour escapes through the pores as a quite invisible steam, 
which, in that state, is known as insensible perspiration. 
When, however, from the rapid coursing of the blood 
• From the iwo Latin words fi,-r, through, and tfira, lo txhale. 
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through the capillaries and from other conspiring influences, 
the quantity of the exhalation is very materially increased, 
it is condensed into drops of visible moisture as soon as it 
issues from the pores, and in that state trickles down upon 
the outside of the skin as manifest and sensible perspiration. 

The quantity of vapour which passes out as exhalation 
through the pores of the skin, varies with altering circum- 
stances, within very wide limits ; and necessarily so, because 
it is an adjustable process designed for regulating the heat 
of the body. Whenever this heat tends to augment too 
rapidly, the pores of the skin are freely opened, and the 
interior spaces of the body are cooled by more abundant 
evaporation. As a general fact, as much water again 
escapes from the body through the pores of the skin as 
passes out from the lungs with the breath. Some careful 
observations, made by a German physiologist, gave two 
pounds as a fairly probable estimate for the average quantity 
of liquid that is poured out through the skin every twenty- 
four hours ; but this quantity is capable of being increased 
sixteen, and even twentyfold for short periods, under special 
circumstances. The quantity of the perspiration is ordi- 
narily increased by the warmth and dryness of the air, and 
diminished by its coldness and moisture. 

The perspiration although chiefly, is not entirely, com- 
posed of water. It has mingled with it a certain quantity 
of waste material analogous to the urea secreted from the 
kidneys, and which is essentially an excretion drawn from 
the blood. It is, indeed, just as urea is, waste of muscle 
and brain and of other worn out structures of the frame. 
Very rarely less than one hundred grains of this solid refuse 
are passed out through the skin in an interval of twenty-four 
hours, and frequently the quantity amounts to considerably 
more than this. The skin and the kidneys in reality act as 
co-operative, and also as sympathetic and compensatory, 
organs. In hot weather and during active exertion, the 
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skin takes the lion's share of the work ; but with cold 
weather and less active exertion, the pores of the skin are 
constricted and closed, and the work is chiefly performed 
by the kidneys. One obvious reason for this arrangement 
is that, in periods of exceptional heat, the removal of the 
water from the outer surface of the body in the form of 
exhaling vapour instead of from the internal surfaces as 
liquid, may be made subservient to the reduction of a too 
high temperature. Perspiration is, in this sense, the an- 
tagonist and opposite of respiration. Respiration blows up 
the hidden fires of the system to raise its temperature above 
that of the surrounding air ; perspiration carries away 
considerable portions of the heat which is thus generated. 
The transpiration of aqueous vapour from the lungs, how- 
ever, assists the exhalation from the skin, and is thus so far 
3 kind of supplement to its action. If a piece of wet linen 
be laid upon the skin, and left there exposed to the air, the 
evaporation of its moisture very soon produces a sense of 
coldness, or chill. The heat of the skin is used up in 
converting the moisture with which the fibres of the linen 
have been saturated, into vapour, or steam. The vapour 
flies away with the warmth, and leaves the skin impressed 
with the sensation of cold. Exactly in the same way, the 
escape of the vapour of the blood through the pores of the 
skin, serves to lower the heat. 

The most agreeable external temperature in which the 
body can be placed under ordinary circumstances and 
when lightly clothed, is from 62 degrees to 65 degrees of 
Fahrenheit's scale. The internal temperature of the body 
is kept, by the balanced action of its internal combustion 
and external transpiration and cooling, at from gS degrees 
to 100 degrees of the same scale. This is termed blood- 
heat, because it is the natural temperature at which the 
blood of the higher kinds of animals is maintained. The 

lation by breathing and through the combustivc de- 
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struction of the vital textures, and the evaporation through 
the skin are so adjusted to each other, that with the help of 
clothing — ^which retards the loss of heat from the external 
surface through radiation — this natural temperature of 
nearly 100 degrees is sustained, whatever may be the 
external conditions. It is only in cases of febrile disease, 
in which the textures of the body are too rapidly consumed, 
that the natural heat rises above 100 degrees. It is then 
occasionally raised to as much as ic8 degrees. This is in 
all cases the result of chemical action and destructive de- 
composition being quickened beyond the ordinary standard 
of health. The increased heat is invariably connected with 
waste of the body and loss of weight It has been ascer- 
tained that an increase capable of raising the temperature 
5 degrees can only be produced by the generation of an 
additional eighth part of the heat ordinarily furnished by 
the combustion of the tissues. It is no uncommon thing in 
wasting fevers for double the usual quantity of urea to be 
discharged from the system, all of which is, of course, 
derived from the quickened disintegration of the nitrogen- 
containing structures of the body. In such circumstances, 
every four grains of this augmented secretion of urea is 
produced by the expenditure of force which, if mechanically 
applied, would have sufficed to lift a weight of five tons one 
foot high. This wasteful expenditure of vital force in 
fevers, is obviously the immediate cause of the debility 
and emaciation that attend upon the progress of such 
disorders. 



LECTURE IX. 

Nutrition, Work, and Heat. 

Some careful experiments made by the German professor, 
Ranke, seem to indicate that the amount of the different 
kinds of food-substances, which are required to be supplied 
to a human body of average size every twenty-four hours, in 
order to maintain its bulk and weight, and to support its 
healthy activity and vital operations, is something like 1550 
grains, or si ounces, of nitrogen-containing flesh, or analogous 
vegetable gluten, known technically as proteids ; the same 
quantity of fat; 3720 grains, or 7 J ounces, of hydro-car- 
bonaceous food destitute of nitrogen, distinguished by 
physiologists as carbo-hydrates ; and 388 grains, or J of an 
ounce, of salts of various kinds; and that about 40,000 
grains, or a little more than five pints, of water, are needed 
for the work of transport and preparation, and for the 
washing away of the refuse waste produced by the destructive 
decomposition of the tissues. Professor Ranke found that 
upon such a daily allowance of food, he neither gained nor 
lost in weight, and that he was kept in excellent health. Any 
amount of either of these several classes of food-substance 
that is introduced into the body in excess of these quan- 
tities, may therefore, in the light of this experience, be 
looked upon as superfluous material, which has to be 
cleared away out of the system without yielding nourish- 
ment, or vital strength ; as so much dead weight, which has 
to be got rid of, and not only so, but which must be got 
rid of at the cost of an additional strain put upon the 
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excreting organs. In ordinary circumstances, some dead 
weight of this kind is unavoidably introduced, and dealt 
with. More food is usually consumed than is required 
for the mere support of the vital structures and operations. 
That, however, is taken into account in the arrange- 
ments of the system, and is productive of no important 
derangement in it, so long as the excess is kept within 
reasonable limits. In all vigorous and healthy frames, 
there is a reserve of reducing and excreting energy, which 
can deal safely with the superfluity. It is only when the 
excess is in unreasonable quantity, or when the excreting 
organs are in a defective state, that derangement of a grave 
kind is liable to occur. But it is then apt to be produced, 
and occasionally at the cost of very serious penalties. 

When some such standard diet as the one just spoken 
of, consisting of a due intermingling of proteids, fats, 
sugars, starch, and mineral substances, is taken into the 
body of a healthy human being, one part of the introduced 
food, after it has been duly prepared, and mingled with the 
blood, is used in repairing the actual waste of the tissues. 
Old, worn out, and therefore useless material is removed, 
and fresh material is deposited in its place. That portion, 
therefore, is applied to what may be termed constructive 
service. Another portion of the introduced food is con- 
sumed in giving movement and activity, in furnishing 
energy and force, to the textures that are so built up and 
sustained. This, it will be remembered, has been already 
incidentally explained upon another occasion, when the 
structure and uses of muscle, nerve and brain were spoken 
of. It was then pointed out that, in those very highly 
vitalized and most energetic structures, one part serves the 
purpose of constituting a compact and slowly changing 
frame which gives its visible characteristics to the tissue, 
whilst the other part is the seat and source of the energy, 
which is used up and destroyed with each movement that is 
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produced, or operation that is carried on. There are thus 
two different purposes which food-substance serves — the 
nourishment of structure, and the evolution of action. 

But the movements and operations, which are sustained 
by food, are themselves also of two different kinds. There 
are certain movements which are of necessity kept up 
within the body itself without any cessation, or intermission. 
Such are sustained in the beating of the heart, and in the 
expansion and contraction of the chest in breathing. All 
movements of this unintermitting and involuntary character 
may be distinctively spoken of as internal work. It is 
effort which is applied to the maintenance of the integrity of 
the mechanism. Yet other movements, which are of a 
voluntary and frequently intermitted character, such as the 
action of the limbs in walking about, or in performing any 
kind of mechanical task, are more properly external work. 
They are the functions for which the animated creature has 
been primarily designed. Some of the operations of inter- 
nal work are of a partially intermitting character, such as 
the production of a portion of the secretions, the employ- 
ment of the organs of sense, and the exercise of the mental 
faculties. But the same necessary condition applies to 
them, as to the rest : they are all supported by the consump- 
tion of food, of which some part is aiipropriated to the 
maintenance of the healthy integrity of the organ, and 
some part is devoted to the accomplishment of work. 

The food, which is destined to this double purpose, is 
carried in the form of streaming blood to the capillary net- 
work of blood-vessels, which, as has been explained, is 
distributed everywhere throughout the textures of the body. 
But, as the membrane of which these universally distributed 
capillary vessels is composed, is of the most exquisite 
delicacy and fineness, the more fluid portion of the blood 
exudes through it as a kind of lymph, when the force of 
the heart's stroke falls upon the streaming liquid. The 
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lymph having in this way escaped through the filmy, walls 
of the vessels, saturates and bathes the external spaces that 
lie between their meshes. The vesicles grouped in those 
spaces, whether they have the form of secreting cells, of 
contractile fibres, or of pulp-filled brain-substance, drink in 
the lymph, and take from it the ingredients which they 
need for their own subtle operations. The difference 
of these operations, whether they be those of secretion, of 
muscular contraction, or of nerve-action and the rest, is 
entirely due to the difference of the vesicles that are operat- 
ing in each instance. The individual vesicle in each case 
selects from the lymph just the ingredients which it 
requires for its specific work, and acts upon them in 
accordance with its particular proclivity and habit In 
some instances the passage of the ingredients, which are 
selected by the vesicles, occurs directly from the blood to 
the cavity of the vesicle. The filmy walls of the vesicles 
and of the capillary blood-vessels lie in close contact, and 
the liquid lymph exudes from the capillary vessel to the 
vesicle, and from the vesicle to the vessel, under the 
influence which disposes unlike solutions to mingle together 
when they are only separated from each other by a partition 
of permeable membrane. But, in both cases, the ultimate 
result is precisely the same* The vitally-acting vesicles 
select from. the blood what they want for their specific 
purposes, and operate upon it according to their own con- 
structive capacities and dispositions. 

The conditions thus dwelt upon exist in the organs of 
special sense precisely as they do in the other organs that 
have been alluded to. Every one of these, which serve to 
connect the inner perceptive powers of the creature with 
the external world, are abundantly supplied with vesicles 
endowed with the power of selecting ingredients fi:om the 
blood, and of changing their molecular constitution in 
order that activity and energy may be evolved out of th6 



No perceptible impression can be made upon an 
organ of sense eicepdng as a concomitant and result of 
the transformation of material substance. Ad artist cannot 
look at a landscape without using up food in the act In 
the case of the eye, there are retinal vesicles and inter- 
meshed capillary blood-vesseb spread out together at the 
back of the eye-bail for the reception, transmutation, and 
transmission of the vibrations of light In the ear, a 
similar arrangement of vesicles and capillary blood-vessels 
is made within the bone invested cavity of the organ, to 
catch and register the air vibrations which are the effective 
source of sound. In the nose, vesicles and blood-vessels 
receive the impact of the volatile emissions that issue from 
odoriferous bodies. In the mouth, vesicles and blood- 
vessels, bathed with a viscid and tenacious liquid, catch 
and act upon the sapid substances which are the objects of 
taste. In the skin, vesicles and blood-vessels are grouped 
into little papillary projections, which are acted upon by 
contact and pressure, and by changes of temperature. In 
every one of these organs, sensory activity, in whatever 
form, is essentially connected with the consumption of 
food, a portion of which is applied to the renewal and 
support of the structure of the organ, and a portion to the 
performance of its energy-producing functions. 

The interpretation of the manifold processes which are 
involved in the conversion of food into animal activity, is a 
matter of quite recent date. The first steps which were 
taken towards its accomplishment were, perhaps, those 
which were set as lately as the middle of the present 
century, by Professor Liebig, of Giessen, when he entered 
upon his remarkable investigations as to the nature of 
food. But, although he thus ranks as the great pioneer ia 
this branch of physiological inquiry and discovery, some of 
the views which he entertained have had to be materially 
■ irtaodificd by subsequent research. Thus, he believed that 
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the nitrogenized ingredients of the food were exclusively 
used for the building up and maintaining the structures 
and structural activity of the body, whilst the fats, starches, 
and sugars were as exclusively appropriated to the support 
of respiration and the production of heat. It is perfectly 
true, as Liebig affirmed, that the body of the animal 
consists of the same general classes of ingredients as the 
food ; that it is made out of nitrogenized substances, now 
generally distinguished as proteids, because they constitute 
the material frame-work of the structures — of fats, and of 
the so-called carbo-hydrates of which starch and sugar are 
the types. But it is not true, as he implied, that the 
proteids, built up and stored by the plant, become the 
proteids of the animated frame, or that the oils and 
starches and sugars of the food become the fat, glycogen, 
dextrin, and sugar of the animal body. The fact seems 
rather to be that these several principles of the food are 
more or less transformed and mingled together after they 
have been subjected to the digestive operations of the 
stomach and converted into blood ; and that they are then 
rearranged under some comprehensive system of selection 
and reorganization before they reappear as constituents of 
the animal textures. The proteid, or nitrogenized food is 
split up and resolved into its elements in the process of 
digestion, the most essentially nitrogenized part of it being 
turned into living structure, and partly changed into urea, 
so as to be at once dismissed from the system. The fats 
and the carbo-hydrates also contribute, and very largely, to 
the building up of the structures. But they only do so 
under the impulse, or stimulus, communicated to them by 
the nitrogenized substance. The energy, or power exerted 
in muscular action is very much greater than that which 
could be supplied from the nitrogenized constituents alone 
of the food. Such excess of power, therefore, must have 
been derived from the carbo-hydrates, or unnitrogenized 
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constituents of the food, and a very considerable part of 
the carbonic acid, exhaled as waste from the lungs, must 
be furnished by the conversion of such nitrogenized 
structure as muscular fibre. 

The leading characteristic of the proteid, or nitrogenized, 
ingredients of the food, probably is that they increase the 
activity of the living tissues, causing a rapid consumption 
both of themselves and of the non-nitrogenous food-sub- 
stances associated with them. Therefore when a rapid 
transformation and renewal of the tissues, and an energetic 
accomplishment of work are required, an ample allowance 
of richly nitrogenized food, such as meat, contributes to 
the result that is sought ; but, on the other hand, too 
liberal an allowance and unnecessary excess of this kind of 
food, and too rapid transmutation of the tissues serve to 
overcharge the excreting channels of the system with the 
unavailable nitrogenized waste, chiefly in the form of urea, 
and so tend to produce injurious derangements. Excess 
of urea cannot be stored away in the frame as excess of 
carbo-hydrates may. It must be at once removed entirely 
out of the way, and if, in consequence of some weakness 
or failure in the organs appointed to perform that task, the 
removal is not promptly and effectively performed, rheu- 
matism, gout, or some allied derangement of the functions 
of the body, presents itself. The quantity of nitrogenized 
food that can be got rid of and the augmentation of vital 
energy that can be borne without injury to health, is entirely 
a question of individual capacity and soundness, and one 
which can only be determined experimentally in each 
individual case. 

The fatty ingredients and carbo-hydrates of the food, 
on the other hand, do not stimulate and quicken structural 
transformation in the same dangerous way, although they 
are in the end capable of supporting the waste of muscular 
activity. Even when they are in large excess, they can be 
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stored up and retained in the system with the utmost 
facility. In that case, instead of giving rise to bodies like 
urea, which require to be immediately removed out of the 
way, they constitute an available and valuable reserve which 
can be conveniently kept on hand, and drawn upon for 
serviceable work at any time of future need. They are 
either stored in the nooks and corners of the body as 
paddings of fat, or packed away into the store-chambers of 
the liver, as glycogen. The fat has weight for weight a 
larger amount of latent power condensed into its filmy 
vesicles, than an equal quantity of glycogen. But both are 
available for the performance of useful work, such as tends 
only to an increased exhalation of watery vapour and car- 
bonic acid. A standard diet of duly apportioned proteids, 
carbo-hydrates, and fat may be so arranged, with skilful 
management, that it shall be adapted for the performance 
of any fair amount of work, without incurring secondary 
drawbacks and penalties. Such standard would only need 
to be slightly modified to meet the particular idiosyncrasies 
of individuals. In arranging the details of such a standard 
diet, the ready, or unready digestibility of the substances 
employed of course needs to be taken into account, as well 
as their mere force-producing capacities. There would be 
no real advantage in selecting a highly nourishing ingre- 
dient, if that ingredient were so tenaciously locked up as not 
to be readily and quickly got at and turned to account 
For mere purposes of fattening, or storing up a latent 
reserve of force for future use, a due apportionment of 
nitrogenized and carbo-hydrate substances is required For 
the support of energetic muscular labour, a more liberal 
supply of nitrogenized proteid food, under the precautions 
which have been alluded to, is allowable, because, as has 
been stated before, it, to so large an extent, promotes the 
serviceable appropriation of its non-nitrogenized associates. 

As a general rule, more than three-fourths of the muscular 
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and nervous energy of the human body may be considered 
to be derived from the unnitrogenized carbo hydrates of the 
food. 

The inorganic and saline ingredients of both vegetable 
' and animal food, such as phosphorus, sulphur, iron, salt, 
soda, potash, and also certain compounds that are designated 
extracts, do not contribute directly to the supply of active 
force. They are, nevertheless, essential to the healthy 
existence of the body. Any diet in which they are absent 
is altogether useless for the purpose of nutrition, as soon as 
any store of them which might chance to have lurked within 
the body has been exhausted. The service which they per- 
form seems to be a kind of arrangement of the more abun- 
dant ingredients associated with them in structural compo- 
sition, and a regulation of the way in which the various 
transformations are carried out. The superiority of fresh 
meat and vegetables to the various forms of preserved food 
appears to be chiefly due to the circumstance of their con- 
taining a good supply of these supplementary ingredients. 

The muscles and nerve -structures are obviously the 
most important organs contained in the animal body. These 
have been very aptly and suggestively designated by the 
distinguished physiologist, Dr. M. Foster, the master-tissues 
to which all the rest minister. 

Very nearly one-half of the human body is made up of 
L its flesh or muscles. Quite one-quarter of the blood held 
I in the body at any particular instant is contained within 
I ■these muscles. The brain and nerves are of smaller bulk 
s than the muscles. But this inferiority in point of 
size is to some extent compensated for by the fact that, 
during the active exertion of these noblest of all the tex- 
tures, the blood flows through their substance at an excep- 
tionally rapid pace. The subordinate or servant -mechanisms 
of the body, such as the digesting and excreting organs, and 
some supplementary structures associated with them, are 
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mainly engaged in dealing with the raw food, so as to fit it 
for the use of the master-tissues with the least possible 
labour and strain to themselves, and to accomplish as 
speedily and easily as may be the removal of the waste 
products which result from their action. The numerous 
intermediate changes of state, between the first introduction 
of food-substance into the blood and its final expulsion from 
the system, are yet but imperfectly understood. But they 
are all undoubtedly directed to the particular objects that 
have been already pointed out. 

The body of the animal may thus be briefly and sum- 
marily spoken of as a complex and elaborately constructed 
machine, constructed for converting the latent, or so called 
potential, energy stored up in material compounds by the 
plant, into active and effective energy, exhibiting itself as 
movement, sensation, nerve influence, and brain operations. 
The energy thus stored up by the plant for subsequent 
employment by the animal, is derived from the sun, the 
great cosmical and practically inexhaustible source of move- 
ment and power to the earth and to the other planetary 
spheres which are associated with it as a family of depen- 
dent worlds. It is caught in the vibrations of sunshine 
and softened daylight which are the immediate emanations 
from the sun, and it is worked up as the maintaining prin- 
ciple of the compounds that are elaborated by the vital 
chemistry of the plant. In its absorbed and latent state, it 
serves as the intrinsic bond that holds the elements of the 
plant-like structures in the form into which they have been 
cast ; and when these structures are dissolved, by the oxi- 
dizing processes of animal life, it is disentangled from its 
structure-composing office, to be left free and turned to 
account in the animated mechanism. It is in this sense, 
therefore, that the plant prepares for animal life, and that 
the animal consumes the food with which it is furnished by 
the plant. The various changes of state, that are brought 



148 FAMILIAR LECTURES ON THE 

about in the materials of the animal body during the con- 
tinuance of vitality, all serve to convert the sleeping energy, 
brought in by the food, into the active energy which is the 
distinguishing attribute of animal life. The oxidation of 
food into waste products under the fanning influence of the 
in drawn breath ; of nitrogenized food into urea and car- 
bonic acid ; of oil and fat into carbonic acid and water ; 
and of starch and sugar into carbonic acid, is the process 
which is employed to break down the plant constructed 
materials, and to disentangle from them the energy tem- 
porarily held in their substance. About one-seventh part 
of the energy which is thus disentangled and set free in the 
body of one adult human being is available for the purpose 
of external work, for moving from place to place, and for 
operating upon the objects of external nature, by means of 
jointed limbs. The remaining six-sevenths, and, therefore, 
by far the largest part, is consumed in the internal work of 
the mechanism which is required to keep its parts in due 
repair and in a serviceable state. When ample allowance 
has been made for this appropriation of power to the 
internal purposes of life, the one-seventh available for ex- 
ternal work still represents a surprising amount of force. 
The external muscular work of a labouring man of average 
health and strength would suffice, if it were all applied in 
that way, to lift every working day about one million pounds 
one foot high. That, therefore, would be the work which 
could be extracted, by the agency of the living machine, 
from an allowance of four or five pounds of judiciously 
selected proteid, fat and carbo-hydrate food.* The same 
four or five pounds of dry food at the same time supplies 
internally appropriated power which, if also turned into the 

• It may not be uninteresting to compare with this the external 
work that can be got out of one pound of coal, by the agency of steam 
machinery. It amounts to a mechanical power that would suffice to 
lift a million and a half of pounds one foot high. 
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channel of external work, would suffice to lift another six 
millions of pounds one foot high. 

But the force, which is used for the internal work of the 
animated machine, all makes its appearance in another form 
before it is altogether lost to the mechanism. The heat of 
the body is virtually derived from the oxidation and de- 
struction of its tissues. It is essentially the result of a slow 
burning up of the frame. Wherever a destructive change is 
set up in any fabric or constituent of the body, heat is 
evolved. But it is the destructive consumption of the 
muscles which is undoubtedly the chief source of warmth. 
When a muscle contracts, one part of the energy, that is set 
free by the consumption of its substance, is applied to the 
production of its movement and to the performance of the 
mechanical work which it accomplishes. But another, and, 
upon the whole, a considerably larger, part is directed to 
the evolution of heat. The proportion of the amounts that 
are applied to these different purposes varies to some extent 
with circumstances. The changes, which are brought about 
in the secreting glands and in the liver, are also attended 
by the development of heat. The brain, too, is a contingent 
source of supply. It is itself warmer than the arterial blood 
which flows into it for its sustenance. The circulating 
blood carries the heat from the various parts in which it is 
most energetically developed to all other parts of the frame 
which are less liberally supplied, and in that way serves to 
equalize the temperature ; and it is finally radiated off into 
surrounding space from the cutaneous surface, communi- 
cated by direct contact to the air, and steamed away in the 
vapours that exhale from the lungs and skin. In warm- 
blooded animals, the production and loss are so balanced 
against each other, that a singularly steady temperature of 
the body is maintained. This varies in different animals to 
a limited degree. In the wolf it amounts to 95^ degrees 
of Fahrenheit ; in the swallow it rises to 1 1 1 degrees ; in 
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the human body it stands, in ordinary health, just undf 
lOD degrees for the deeply-seated parts, and at 
in parts where the cooling is just beginning to tell, like 
hollow of the arn;-pit, and the partially enclosed surface 
beneath the tongue. In cold-blooded animals, such as the 
frog, on the other hand, the temperature of the body does 
not ordinarily rise more than one of Fahrenheit's degrt 
above the temperature of the surrounding 
cases the destructive decomposition of the structures of 
bady is very sluggish, and the internal fires are kept burning 
very low. In the human body, a rise or fall of two degrees 
above or below the average invariably indicates that there, 
is something amiss in the internal mechanism, and 
some unusual and generally injurious influence 

Nearly seventy-eight per cent, of the heat of the body 
escapes in the end through the skin. The skin, therefore, 
is the chief cooling agent. It is the contrivance that is 
supplied for the regulation of the heat of the body. Such 
regulation is managed by varying the quantity of blood that 
circulates through the skin. The larger the quantity of blood 
that flows through the vessels of the skin, the greater is the 
; of heat that passes away from it by contact-com- 
n with the air, by free radiation into Korrounding 
space, or by the exhalation of perspiration from its pores. 
Any influence which enlarges the capillary vessels of the 
skin, cools the body ; and any influence which contracts 
the capillaries of the skin and enlarges those of the internal 
oigans and structures, heats the body. When, strong, mus- 
cular exercise generates a large amount of internal heat, its 
loss by the lungs, and yet more efiectively by the skin, is 
augmented in a similar degree, so that the average and 
proper state of the internal temperature is maintained. 
The glow of the skin experienced when brisk exercise is 
e of the palpable signs of this process of compel 
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sation ; the profuse perspiration produced by more energetic 
exertion is another still more obtrusive manifestation of its 
agency. 

It has, however, been quite recently ascertained that 
there is a still further provision made for the regulation of 
the heat of the animal body. This was, in the first instance, 
discovered from the circumstance that more oxygen is found 
to be consumed by, and more carbonic acid exhaled from, 
a living animal when it is exposed to cold, than when it is 
in a warmer temperature. This certainly means that there 
is more consumption of the textures of the body during 
exposure to cold. The result seems to be due to the 
agency of a special nervous apparatus, which has the power 
of blowing up the internal fires and quickening the combus- 
tion when external temperature is low. It has been ob- 
served that this nervous apparatus may be paralyzed by the 
influence of the poison known as Urari, and that then the 
increased consumption of oxygen and augmented exhalation 
of carbonic acid are stopped, even during the prevalence of 
cold. The physiological explanation of the way in which 
the effect is brought about when the apparatus is in opera- 
tion, is that, when cold acts upon the skin, it gives rise to a 
nervous impression there, which is forthwith transmitted to 
some central seat of nerve-action, and that this is then 
forwarded on, by special nerve fibrils provided for the pur- 
pose, to the muscles, stimulating them to increased activity 
in the generation of heat. When the nerves passing from 
the nerve centre are paralyzed, the stimulating intimation, 
of course, can no longer reach the muscles. It does not 
appear, however, that any contraction of the muscular 
fibres is connected with the performance of this heat- 
regulating action. 

It is now generally held to be highly probable that there 
is some analogous provision by which the decomposition of 
muscle substance can be diminished and the heat of the 
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body lowered, and that the excessive heat, experienced in 
fever, results from the paralysis of nerves that serve ordi- 
narily to lower the internal temperature. The heat-pro- 
ducing decomposition of the muscular substance, in such 
circumstance, escapes from the control to which it is ordi- 
narily subject, and runs riot. The well-known physiologist, 
Claude Bernard, believed there was some reason to con- 
clude that the cooling nerves were supplied from the 
cerebro-spinal system, and that the thermogenic, or heat- 
stimulating nerves were offsets from the sympathetic nerve- 
system. 

The temperature of the human body is maintained 
during health at somewhere between 97 degrees and 100 '5 
degrees of Fahrenheit. The rise of temperature from active 
exercise does not amount to two degrees of Fahrenheit, in 
consequence of the compensating operations with which it 
is connected. The temperature of the body is practically 
the same in Tropical and Arctic regions of the earth. 

Death ensues from extreme cold, in consequence of a 
depression of activity in all the vital tissues, but especially 
in the nerve pulp. The same result also occurs from an 
elevation of from eleven to twelve and a half degrees of 
Fahrenheit above the ordinary standard of health, because 
it first makes the contractions of the heart irregular, and 
finally arrests them altogether. It most probably also 
extends its injurious influence to other parts of the living 
structure. The maintenance of a temperature of about 
98 degrees is apparently arranged because that particular 
degree of warmth is the one most favourable to the changes 
of substance which have to be carried on in the body for 
the accomplishment of its vital actions. All the energy, 
developed in the internal actions of the frame, is finally 
discharged into external space as heat ; but before it is 
dissipated in this way, it serves the all-important purpose of 
warming the blood and the textures of the body up to the 
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point which is most suitable to the work they are engaged 
in performing. The blood itself does not appear to be 
materially concerned in the production of heat. It is the 
carrier of oxygen to the tissues, but not in itself a com- 
bustible. All the combustible food absorbed into the blood 
is transmuted into tissue before it is burned up into waste 
products, and only becomes waste through a destructive 
transformation of the tissue. 



LECTURE X. 

The Nature of Fermented Drink. 

It is now easy, from a retrospective glance at the preced- 
ing lectures of this series, to understand why so very large 
an amount of water, two pounds to every pound weight of 
the other ingredients, is contained in the living animal 
body, and for what purpose in the arrangements of the 
vital economy so liberal an allowance is made. 

That body, it will be remembered, has to be looked 
upon as built up on a delicate framework of branching tubes, 
or vessels, penetrating everywhere, permeating every shred, 
and filling every crevice of the structure, and having water 
flushing unintermittingly, under the recurring strokes of the 
heart, through the channels of these tubes, in order that 
the dissolved nourishment it conveys may be distributed 
to each nook and cranny of the frame, and that waste 
substance may be unceasingly and promptly washed away. 
Every organ is infiltrated and deluged, at all times, with 
this perpetually moving stream. It flows through flesh and 
brain, through heart and lungs, through skin and glands. 
But, as something like one hundred pounds of water are 
continuously employed in the general service of a living 
animal frame, and scarcely more than five pounds upon the 
average are added in the course of each twenty-four hours 
to the liquid flood, it follows that the same water has to 
pass again and again through all the interstitial channels of 
the various organs. A small quantity is drained ofl" in 
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various parts, as the movement hastens on, and an equiva- 
lent amount is added from time to time, to keep up the 
bulk of what would otherwise be a constantly wasting and 
gradually failing stream. It must, therefore, be distinctly kept 
in mind what the destiny is of the additions that are from 
time to time made, for the maintenance of the stream, in 
the form of drink Every drop of the watery liquid so 
supplied flows over and over again, even many hundred 
times, through the very substance of the living organization, 
deluging and flushing its inmost recesses and pores, leaving 
as it does so, a small contribution of organizable matter 
here, and abstracting some equivalent quantity of worn-out 
material there. But, as a matter of fact, it must accomp- 
lish this journey, round and round, through the inner 
channels of the living structure before it can effect its own 
escape. The water, which is swallowed as drink, is passed 
in either through the veins of the stomach, or through 
the absorbing villi of some other part of the alimen- 
tary canal. It is then gathered into the large venous duct, 
conveyed through the liver, and then onward to the heart 
From the heart it is propelled to the lungs, and back to the 
heart, and then to the brain, and muscles, to the stomach 
and skin, to the secreting glands and kidneys ; and it is only 
after it has made this lengthened and intricate journey, and 
been subjected to this exacting ordeal, again and again, 
that it at last passes out drop by drop through either the 
exhaling pores of the skin, the breathing cavities of the 
lungs, or the capsules and excreting ducts of the kidneys. 
This fact, of its penetration everywhere to, and of its pro- 
longed sojourn in, the most minute, retired, and delicate of 
the recesses of the living frame, must be thoroughly under- 
stood before any adequate conception can be formed of the 
influence and action of drink. Whatever it may be, once 
the drink has been received into the vestibule of the living 
organization — the cavity of the stomach — it is irrevocably 



on its way to the heart, lungs, muBcles, and brain. Having 
been placed in the stomach as a thin liquid, it can only get 
to the appointed outlets of escape through the devious 
route of the innermost channels of the various vital parts. 
A very slight measure of reflection will make it apparent 
that this must of necessity be the case, since water is used 
as the great carrier of the denser ingredients of these 
structures. The water must go wherever the raw material 
has to be conveyed ; wherever the work of construction has 
to be carried on. But that is in all parts of the organized 
frame; in every fibre and film of the most exquisitely 
elaborated of its textures. The water, or in other words, 
the drink, must therefore include in its subtle and search- 
ing progress, every fragment of the fabric that is the seat of 
vital endowment, and that is an integral part of the organiza- 
tion. The liquefied ingredients of the elaborated food-mate- 
rial being all more or less intimately mingled together in the 
circulating stream, abundant opportunity is afforded them 
to exert their chemical actions and reactions upon each 
other, and so to produce the successive compounds of in- 
creasing complexity which have been alluded to as marking 
the upward progress of annual organization, and the suc- 
cessive compounds of diminishing complexity which result 
from the degradation and decomposition of those com- 
pounds as their life-supporting, and force-producing opera- 
tions are accomplished. 

Some of the water, which is introduced into the bodies 
of animals, is closely and often even structurally associated 
with the more solid constituents of the food. But the 
great bulk of it is swallowed as drink. With all other 
animals, except man, this drink consists of water alone, 
or at least of water containing only such minute traces of 
soluble material as are accidentally present in rivers and 
streams, and in the springs that percolate the porous 
ground. But man, with the resources of artificial life at 
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his command, makes use of various beverages which he 
is at some pains to prepare. In all of these, however, 
water is still the one essential ingredient that constitutes 
their usefulness as drink. All of them must, in the main, be 
composed of this bland and mobile liquid. The various 
substances, which add flavour and attractiveness to the 
drink are in all cases superfluous for the main object which 
it fulfils. For men, who confine themselves to water, as 
the lower animals do, continually enjoy the most vigorous 
health, if all other essentials of nourishment are duly sup- 
plied by the blood. Indeed, in the case of those who 
employ artificially- prepared beverages, such as beer, the 
first step taken with them, after they have been introduced 
into the stomach, is to separate them into two parts : the 
thin liquid water, and the thicker ingredients which have 
been mingled with it. The water is at once absorbed into 
the veins of the stomach, to mix with the blood and to carry 
out its proper office as the appointed agent of transport ; 
whilst the thicker materials associated with it are left in the 
stomach to undergo digestion with the other dense food, 
and to be so prepared for introduction through the absorbing 
villi of the alimentary canal. All the glutinous substance 
or body of the beer is in reality food, rather than drink, and 
has to undergo true digestion in the stomach, after the 
water has been drawn away from it through the fine blood- 
vessels which cover the inner coat of that organ. 

But the food-substance contained in beer is not in very 
large quantity. There is rarely more than three grains of it 
in each hundred grains of the liquid. The greater part ot 
the three grains is composed of a kind of gum, which is 
dissolved out of the malt in the process of brewing. A 
portion of it is true sugar derived from the same source, 
and a small quantity is a nitrogen-containing, or proteid 
compound generated in the barley from which the beer is 
brewed, by the elaborating power of the plant. Of the 
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ritrogeiKontaining extract there are generally something 
like forty grains in each pint of fairly strong beer, Of the 
sugar there are also about forty grains in each pint, and of 
the gum-like substance about three-quarters of an ounce. 
There is, therefore, a little less than an ounce of nourishing 
material in each pint of beer of good average quality. 

But there is in beer, and indeed in all fermented beve- 
rages, something besides these nutritious ingredients, to 
which the most careful consideration needs to be given in 
any attempt to sketch the physiological influence of drink, 
since, as a matter of fact, it is the product in these beve- 
rages which has led to their being so generally and largely 
used by man in the place of pure water. When beer is 
about to be brewed, water, raised to a temperature of 180", 
is poured upon crushed malt, which has been itself pre- 
pared by causing barley to germinate to a certain extent 
under the influence of warmth and moisture, and then 
stopping the germination by exposing the grain to dry heat 
in a kiln. In the process of malting, the insoluble starch, 
which had been packed away in the seed of the barley, is 
converted into soluble gum and sugar, and this gum and 
sugar ate dissolved in the water, heated to 180°, when the 
bruised malt is immersed in it. 

But the sweet-wort of the beer contains a much larger 
quantity of gum and sugar than can afterwards be found in 
the same quantity of beer, when the brewing is complete. 
The reason for this is that they are slowly and gradually 
converted into something else, in the next stage of the 
process, which is known as fermentation, and which is so 
called on account of the gentle boiling-like action which 
accompanies the change.* Bubbles of gas froth up in it, as 
bubbles of steam rush up through water when it is boiled. 
But in the case of the fermentation, the bubbles are not 
• The word feroientalion is derived from the Latin tetm fermtalB, 
lo puff up, or make spongy. 
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bubbles of steam. They are bubbles of carbonic acid gas, 
and that carbonic acid is extracted from the gum and sugar 
derived by malting from the starch. The sugar and gum, 
indeed, during the continuance of the fermentation, are in 
the act of being deprived of large portions of their solid 
ingredient carbon by the predacious powers of oxygen. 
The carbon is floated away by its agency into the air. The 
gum and sugar are thus being decarbonized by oxidation. 
This process of transmutation is in the first instance set 
going by mingling a small quantity of yeast with the still 
warm liquid. 

Yeast has the power of causing the molecules of the 
gum and sugar to begin to loosen themselves asunder, so 
that some of the liberated atoms of carbon can be seized by 
the oxygen. It is itself of the class of bodies known as 
zymogens,* or organized ferments, and consists of a mass of 
little living plant-vesicles, composed of a thin film of 
proteid, or albuminous membrane, which feed upon sugar, 
and, whilst doing so, turn one part of the sweet food into an 
enzyme, or formed ferment, which is then discharged into 
the liquid, to continue by its influence the sugar- decom- 
posing action. It is in this way that yeast sets up fermenta- 
tion in sweet- wort. 

But, as the change goes on, and more and more of the 
carbon is abstracted from the gum and sugar, these sub- 
stances themselves gradually disappear. They are de- 
stroyed as gum and sugar, and, so far as they are destroyed, 
the gumminess and sweetness of the liquid are lost. The 
carbon and oxygen escape, as has been described, as 
vapour. 

But there still remains something of those original 
substances which does not escape, but lingers on in the 
liquid. This also is easily detected by certain sensible 
properties which the liquid acquires, and especially by the 

• See page 158. 
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peculiarity of its taste. As it loses its sweetness, it becomes 
aident, or burning, to the tongue. The residual part of 
the guKi and the sugar is converted into what is very 
characteristically and appropriately designated "ardent 
spirit," or alcohol. The water with which it is mingled 
becomes indeed an actual "fire-water," The old chemists 
not altogether unnaturally conceived that the burning 
liquid, developed in sweet solutions by fermentarion, was 
actually a mingling of fire with water. 

The changes that take place when sugar, and gum 
which is, chemically, scarcely distinguishable from sugar, 
are converted into ardent spirit, are not at all difficult to 
understand. After the molecules of the sugar have been 
loosened asunder into their constituent elements, and 
portions of their carbon and hydrogen have been removed 
as vapour, the remaining carbon, hydrogen and oxygen 
are regrouped together, so that new smaller molecules are 
constituted, in each one of which there are bound up 
together two atoms of carbon, six of hydrogen and one 

I atom of oxygen. This, then, becomes a molecule of 

alcohol, or aident spirit, and assumes all the charac- 

^^^B ters and properties by which the burning Uquid is dis- 

^^^■^guished. 

^^^^H Symbol expressing the composition of each molecule of 

^^^P alcohol, H°C'0'. 

^^^^1 The change, however, it will be remarked, is a degra- 

^^^Bdation of the sugar, and in no sense a building up. The 

^^^f sugar is beginning to be destroyed by the abstraction from 

I it of a portion of its ingredients. The spirit is a stage in 

downward decay. It is to the gum and sugar very much 
what urea is to the nitrogen-containing compounds from 
which it has been derived. It is those unnitrogenized 
products of elaboration advanced one step in the process of 

. reduction and resolution into their primary elements. 

^^^B Wine differs to some considerable extent from beer, in 
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the circumstance that it contains less glutinous material. 
It also has its spirituous part impregnated and masked by 
even more agreeable flavours. Wine is, as every one 
knows, the produce of the grape. It was at one time 
conceived that there is only one species of wine-yielding 
grape. This, however, is certainly not the case. All 
wine-producing districts have their own kinds of vines, 
which have been improved from the wild state by culti- 
vation and care, and by the natural influences of soil and 
climate. It has been observed, indeed, that the finest 
qualities of the most esteemed vineyards are lost if the 
vines are transplanted to less suitable positions. Twenty 
apparently distinct species of grape have been described as 
flourishing at the present time in the Valley of the Rhine. 

The juice of the grape in its natural condition consists 
of a considerable quantity of sugar and tartaric acid dis- 
solved in water, with very minute traces of more complex 
substances which have been elaborated with the sugar and 
acid by vegetable alchemy, and which confer the attractive 
attributes of colour, fragrance and flavour. During the 
progressive maturation of the fruit, the acid is in the first 
instance preponderant, and afterwards the sugar accumu- 
lates more and more, till the acid taste is overcome by the 
sweetness. The sugar of the grape is, however, of a 
peculiar kind. It is more prone than cane-sugar to take 
upon itself the chemical transformation which occurs in 
fermentation, being relatively more rich in hydrogen and 
oxygen, and less densely charged with carbon. It is also 
combined, in the juice of the ripe grape, with a small 
quantity of a yeast-like ferment which spontaneously starts 
the fermentative change. Each grape has its own little 
store mingled in with the sugar. Grape juice is thus trans- 
formed into wine of its own accord, without the addition, 
as in the case of beer, of an agent to cause the transmu- 
tation. In this sense, therefore, ardent spirit is altogether 

II 






a natural product. When the Juice of ihe fully-ripened 
grape has been pressed into must, and left standing in 
vats at a comparatively warm summer temperature, aban- 
doned to its own uncontrolled impulses, a further removal 
of carbon takes place by the fermentation which ensues, 
and the new form of molecule, which is characteristic of 
alcohol, appears. In order that the juice may be converted 
into wine of good quality, by the natural process of fer- 
mentation, there must not be more than five parts of 
tartaric add in each thousand parts of the liquid, and it 
must have two hundred parts in the thousand, or twenty 
percent., of sugar. In fine seasons this proportion is easily 
secured. But in less propitious ones, the ripening is less 
perfect, and the juice contains more acid and less sugar. 
The wine then becomes of an inferior quality, unless the 
must is diluted with water to overcome the acid, and 
enriched with cane-sugar to provide for the proper spiri- 
tuous strength. By the skilful exercise of art in this way 
good wine is often still produced. 

When the ripened juice contains the due amount of 
twenty per cent, of sugar, the result of the fermentation is 
a wine possessing eleven per cent, of alcohol. This, how- 
ever, is as high a proportion of spirit as can be produced 
by the natural fermentation of the juice, and it is, there- 
fore, the standard maximum strength for natural wines. 
All alcohol, contained in wine in larger quantity than this, 
roust have been produced by the process of distillation, and 
afterwards added as concentrated spirit to the wine. If an 
exceptionally sweet juice, containing mote than twenty per 
cent, of sugar is fermented, as soon as eleven, or possibly 
twelve, per cent, of alcohol has been generated from the 
conversion of the sugar, no more is produced by fermenta- 
tion, because the rest of the sugar is then preserved by the 
presence of the spirit. In such wines there is always a 
considerable amount of unconverted sweetness i 
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after the fermentation has been carried as far as it can» 
The natural wines, which attain a strength of eleven per 
cent, scarcely ever retain more than a half per cent, of 
unconverted sugar. 

It was at one time conceived that, in natural and unfor- 
tified wines, the alcohol existed in some state in which it 
was combined with other ingredients of the liquid, instead 
of being free as spirit This notion arose from the fact 
that in such wines the spirit is not as immediately detected 
by the palate as it is in the strong, fortified wines. It was, 
however, subsequently proved that this is not the case, and 
that in natural wines the alcohol is simply masked by the 
presence of luscious flavours. In some notable experi- 
ments, spirit was distilled off from wine, and then again 
added to the lees as an unquestionably free spirit, and it 
was found that the reconstructed wine was quite undistin- 
guishable from the original liquid. The ardent qualities of 
fortified wines are often due to the circumstance that the 
spirit is rendered more pungent, and more appreciable to 
the taste, in consequence of the generation of peculiar 
products out of the secondary ingredients, by the influence 
of the heat employed in distillation. There is, however, 
good ground for the belief that the strength of wines has 
been materially increased in the last few years, in conse- 
quence of the improved cultivation of the grape and the 
more skilful management of the vintage. Dr. Richardson 
has pointed out that some apparently trustworthy analyses 
of wines, made in the last century, gave only five per cent 
of alcohol in Burgundy, and seven and a-half per cent in 
Sherry. The strongest wine mentioned in the analysis, a 
kind of Malmsey, scarcely exceeded nine per cent The 
strongest distilled spirits do not appear to have been used 
as ordinary beverages until within the last two or three 
centuries. Gin was not known, as a distinct name in any 
language, until about two centuries ago. Whiskey is •* 
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modem form of the old word usquebaugh, which first 
appeared in printed books a century and a-half agou 
Brandy, or Branntwein (burnt wine) is of still more recent 
introduction. 

When alcohol, which has been generated in wine by the 
fermentation of grape-juice, is left to finish its career in a 
natural way, it very soon undergoes further transformation, 
and ceases to be alcohol It absorbs fresh quantities of 
oxygen from the surrounding air, and splits up its molecules 
in order that they may be r^ouped under this addition. 
In this way it is first changed into aldehyde, which is a 
kind of oxide of alcohol, and then into acetic acid. But 
in the case of the process in which wine is prepared to 
serve as a beverage, the liquid is put either into casks or 
bottles, in order to arrest midway the further progress of 
degradation and decay as soon as the full available com- 
plement of spirit has been made out of the sugar. Wine 
is enclosed in air-tight casks or bottles, when the spirituous 
fermentation is complete, simply that the air may not turn 
the spirit into vinegar. 

A great variety of complex products are made in very 
minute quantities in wine during the fermentation of jthe 
must, but which, although in small quantity, still serve to 
confer the distinguishing characters of the almost innumer- 
able different kinds. Some of these products are of the 
nature of essential oils, and contribute fragrance to the 
wine, as well as distinctive flavour. Some are highly 
elaborated extracts from the vegetable juice, soluble either 
in water or spirit ; and some are acids differing in minor 
particulars from the tartaric acid which is always the most 
abundant ingredient of this class. Others are also gene* 
rated in the most matured wines by a kind of chemical 
fusion of some of these acids with the spirit The well» 
known penetrating odour of old wines is due to the presence 
of one of these, which is of almost universal occurrence 
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and which is designated oenanthic * ether, on account of 
the resemblance its odour bears to the fragrance of 
flowers. This subtle product, notwithstanding its obtru- 
sive pungency, rarely amounts to one part in forty thousand 
parts of the wine. What is termed the aroma of wine is 
an altogether different thing from its flower-like fragrance, 
or "bouquet." The aroma is a true product of the elabo- 
ration of the plant, mainly of the character of an essential 
oil, is present in the juice before it is subjected to vinous 
fermentation, and is in its fullest perfection in the ripe 
grape The bouquet, on the other hand, is more generally 
due to the transformation of some albuminoid ingredient 
most abundant in the unripe fruit, and is itself developed 
during the process of fermentation. The bouquet in wine 
is a more subtle and delicate quality than the aroma, and 
very readily destroyed by exposure to the air. The large 
range of diversity, which is brought about by the agency of 
these variable ingredients, is strikingly illustrated by the 
fact that more than two thousand different kinds of wine 
are known in the English market. 

Nutritious ingredients are in smaller quantities in wine 
than in beer. Sugar is indeed the only one amongst them 
which is ever present in any considerable quantity, and 
varies exceedingly in different samples. Some wines con- 
tain less than two grains 0/ sugar in each bottle, and others 
have as much as five hundred grains. The natural, free 
acid of wine rarely amounts to more than from fifty to 
eighty grains in each bottle. When wine contains more 
than this, it generally indicates that it is turning sour from 
the conversion of its spirit into vinegar. The astringency, 
or roughness of wine is due to the presence of tannic acid, 
derived in all cases from the husk of the grape. All wines 
contain small quantities of saline ingredients, which are 
familiarly spoken of, when they are deposited from the liquid 
• From the Greek words, oinos^ wine, and atUhos^ a flower. 
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as tartar. The principal part of this consists of tartrate and 

phosphate of potash. The ash, in wine, sometimes amounts 
to from a half per cent to one per cent of its weight, and 
this ash is looked upon with respect and favour by physio- 
logists, because it is an ingredient which may be turned to 
account in the constructive operations of living animals. 

DistiUed spirits are all primarily produced from the fer- 
mentation of sugary liquids. But their strength is concen- 
trated by the act of distillation. The vapour of the spirit is 
driven off by heat, and is then condensed into the liquid 
State. Gin is procured by distillation from fermented 
grain mingled with juniper berries. The name is derived 
ftom " Genevre," the French word for juniper. Brandy is 

I distilled from wine. Whisltey, like gin, is procured from 
fermented graiiL Rum is the produce of the distillation 
of cane-sugar, or more exactly of the treacle which is 
associated with the crystallizable sugar in the juice of the 
cane. Whiskey, brandy and rum contain from twenty 
to seventy grains of unconverted sugar to the pint 
The coarsest specimens of distilled spirit are apt to contain 
a kind of heavy alcohol, which is known as fusel oil, or 
amylic alcohol. This is an occasional product of the action 
of heat upon the complex principles employed in the pro- 
cess of distillation, and is very abundantly produced from 
fermented potatoes. It is sometimes prepared on purpose 
to be added to ardent spirit on account of the pear-like 
flavour which it communicates. It is more highly car- 
bonized than ordinary alcohol,* and is on that account, 
more heavy, and less volatile. It is also more injurious and 
tenacious when taken into the blood. It very quickly 
and readily produces trembling, coldness and profound 
insensibility, and its hurtful effects are less speedily removed 
than are those of common alcohol. 

• The ordinary alcohol, procured from spirits of wine, is known to 
chemists as ethylic alcohol, in conltailislinclion lo ibe heavy amylic 

I .xlcohol, or fusel oil. 
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LECTURE XI. 

The Physiological Influence of Alcohol. 

The ardent spirit, which is formed from sugar by the pro-^ 
cess of fermentation, can, by the ingenuity of the chemist, 
be separated from the liquids with which it is mingled when 
thus generated, for individual examination, and it is then 
found to be an ardent spirit in the most absolute sense of 
the word. In that state it looks to the eye as clear and 
limpid a liquid as water, but if a burning match be 
brought near to it, its difference from water immediately 
and very significantly appears, for it then bursts into a 
fiercely hot flame, and continues to blaze until it is entirely 
consumed. In that so-called consumption, it is, however, 
merely being passed on through the further stages of de^ 
composition and decay. It is not destroyed, but simply 
resolved into a vapour that can no longer be detected by 
the eye. It is turned altogether into carbonic acid gas and 
aqueous vapour, considerable contributions of oxygen being 
drawn out from the surrounding air in order to enable, the 
transformation to be accomplished. The flame is due to 
the circumstance of the very large relative proportion of 
hydrogen which remains in the spirit when the superfluity 
of the carbon has been removed by the slower combustion 
of fermentation. Hydrogen, it will be remembered, is a 
very inflammable gas,, at all times ready to burst into flame 
when raised to a high temperature in the presence of air. 
It is the preponderant abundance of its hydrogen^ then^ 
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that confers upon ardent spirit its inflammable pro- 
clivities. 

When ardent spirit has been separated from fermented 
liquids in its purest state, it is the substance which is known 
as absolute alcohol The epithet absolute is used simply to 
imply that it is the ardent spirit and nothing else. It is the 
spirit set free from the water with which it is associated in 
the process of its primary manufacture. Its presence in 
fermented liquids was, in the first instance, discovered by 
the Arabian chemists as long ago as the eleventh century, 
and from them it received the now familiar name "alcohol," 
which is merely two Arabic words, al and kohol^ put to- 
gether.* It appears to have been even at that remote 
period extracted by distillation, but not for piuposes of 
drink. It was only used as a menstruum, or solvent, in 
some of the processes of alchemy. 

Absolute alcohol is a quite clear, colourless, and very 
thin or light liquid, possessing a peculiar, penetrating smell, 
due to a considerable extent to the readiness with which 
its volatile vapour floats up into contact with the sensitive 
membranes of the nose, and an extremely burning taste 
perceived immediately when it is touched by the tongue. 
It is much lighter than water, bulk for bulk. The quantity, 
which would weigh one ounce, or 480 grains, if it were 
water, weighs only 384 grains as absolute spirit A pint of 
pure water weighs twenty ounces. But a pint of absolute 

* The word Itohoi was, in the first instance, used by the Arabians 
for the name of a finely-levigated antimonial powder employed for 
dyeing the eyelids. It was afterwards extended to other powders which 
were in a very fine state of division, and ultimately to liquids conceived 
to be very much attenuated and refined. Ardent spirit, derived from 
fermentation, at a still later date appropriated the designation to itself. 
Rectified spirit of wine was first procured in the thirteenth century by 
Raymond Lully. Before that time, alcohol was only known in the 
diluted state in which it presents itself inordinary, undistilled, fermented 
bevemges. 
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alcohol barely weighs sixteen ounces. Another notable 
distinction is that the absolute spirit cannot be frozen by 
any amount of cold to which it can be naturally exposed 
Water, as is well known, is turned into solid ice at 32 
degrees of Fahrenheit's thermometric scale; but absolute 
alcohol remains unfrozen and liquid at a temperature 200 
degrees lower than that of freezing water. On the other 
hand, the absolute spirit boils at a temperature of 173 
degrees, although water does not boil at similar atmospheric 
pressures until 212 degrees is reached. On account of this 
low boiling point, spirit can be at any time driven oflf by 
heat from any liquid in which it is present. The liquid has 
only to be kept for some time in an open vessel at a tem- 
perature a little in excess of 173 degrees, and all the alcohol 
steams away from it as vapour, leaving nearly the whole of 
the less volatile aqueous part behind. 

There is yet another feature in which ardent spirit 
differs very materially from water. That, as has been seen, 
is an altogether indispensable ingredient of the living bodies 
of animals, and is present in them in the most copious 
abundance, serving to sustain all vital movements, and to 
quicken all vital operations. But absolute alcohol is a poison 
of the most terrific, power. If, in this absolute state, it is 
poured into the stomach of a living animal, in anything 
beyond the most minute quantity, its potency as a poison 
immediately appears. It is as deadly, in such circum- 
stances, as prussic acid, or any of the other fell poisons 
with which physiologists are acquainted. Two teaspoonfuls 
have been found sufficient to kill most dogs within a couple 
of hours. Rats have been deprived of life in forty minutes 
by twenty drops of rectified spirits of wine, and mice in ten 
minutes by five drops. Numerous instances are on record 
in which strong men have been almost instantaneously killed 
by drinking large quantities of strong spirits, such as those 
concentrated products of fermentation, whiskey and rum. 
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Another notable dicamstance in regard to alcohol is 
that, although of such an antagonistic nature to bland water, 
it is, nevertheless, capable of mingling with it in any pro- 
portions. A single drop of alcohol will diffuse itself evenly 
through a pailful of water, so that some trace of its presence 
may be detected in every individual drop of the liquid. 
But a drop of water would mis in the same intimate way 
with a pailful of the ardent spiriL The water and the spirit 
have, indeed, such a strong disposition to mingle with each 
other, that they will make their way through the otherwise 
un discoverable pores of seemingly water-tight membranes 
to do so. If a bladder, one-quarter full of alcohol, be 
immersed in a pail of water, and be left there for some 
lime, the greater part of the spirit will make its way through 
the bladder to mix with the water. But the liquid in the 
bladder will, nevertheless, increase in bulk, until the bladder 
is stretched to its full capacity, because four times as much 
water will pass in, to mix with the spirit, as spirit will pass 
out. If the bladder of spirit be plunged into a running 
stream instead of into a pail, so that the water which comes 
into external contact with it is continually changed and 
renewed, in the end all the spirit will be drawn out of the 
bladder, to mix itself with the water. 

This readiness of spirit and water to mingle is the reason 
why fermented beverages retain so large an extent of the 
sphit that is engendered in them by fermentation. In each 
beverage the spirit is mingled with the water, and is conse- 
quently diluted and reduced in its burning strength, accord- 
ing to the quantity of the aqueous liquid with which it is 
incorporated. In table beer there is something like one 
part of spirit and fifty parts of water mingled together. In 
ale and porter, four or five measures of spirit are contained 
in one hundred measures of water. In the strongest beer 
there are ten parts of spirit to each hundred parts of water. 
In wines of different classes, from ten measures of spirit to 
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ninety measures of water, up to twenty-five measures of 
spirit to seventy-five measures of water, or one part of spirit 
to three parts of water. In ardent spirits, so called— that 
is, in brandy, rum, whiskey and gin — the proportion of the 
spirit to the water is considerably more. In the strongest 
brandies there is quite as much absolute alcohol as water ; 
or, in other words, the absohite alcohol is diluted to ju^t 
one-half its strength. Whiskey is somewhat stronger than 
brandy, and in some specimens of rum there are actually 
three parts of spirit to one part of water. 

But whenever fermented beverages of the more dilute 
kinds, such as beer and light wine, are used as drink, and 
so introduced into the stomach, they are immediateljr 
placed in the same relative condition as the bladder of 
spirit immersed in a stream of running water. The sto- 
mach acts the part of the bladder, and holds the spirit, 
and the part of the running stream is played by the current 
of blood which is flowing so copiously through the capil- 
lary vessels of the walls of the organ. The spirit is conse- 
quently all drawn out of the stomach, precisely in the same 
way, to mingle itself with the liquid blood; and, once 
mingled with the blood, it flows on with it to saturate every 
part of the living structures. Henceforth it is no longer 
simply blood which is deluging all parts of the organs, but 
burning spirit and blood mingled together in some uncer- 
tain proportion, depending mainly upon the spirituous 
strength of the beverage. And whatever may have been 
the quantity of the spirit it originally contained, this all 
finds its way into the circulating stream of the blood.* 

As, however, burning spirit is not a natural, or indeed 
necessary, ingredient in the blood, it is a matter of the 
utmost consequence to make out, as far as can be done, 

* As a matter of fact, alcohol, diluted by water, is absorbed 
directly from the stomach by means of the venous capillaries of its 
inner coat, exactly in the same way as pure water itself^ • •' 
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what the effect is of the introduction of the, in this sense, 
unnatural intruder when thus brought abouL That it is 
not a necessary ingredient for any essential purpose, is 
incontrovcrtibly proved by the unquestionable fact that no 
drop of it is ever introduced into the bodies of the lower 
animals, such as horses, sfieep and oxen, in the ordinary 
provisions of their lives ; and that yet, in the bodies of 
those animals, precisely the same physiological actions have 
to be performed as those which are carried on in the bodies 
of men. There are the same flesh, nerve-substance, and 
glandular apparatus to be sustained ; the same raovemenls 
of circulation, and the same play of respiration and secre- 
tion. But over and above this, notwithstanding the very 
extensive use that is made of fermented drinks by human 
beings, there are innumerable instances of men who 
maintain the highest possible standard of vigorous health 
throughout their lives without at any time employing 
spirit uons drink. 

That the spirit is not an indispensable and essential 
agent in the operations of the human organization is, there- 
fore, a circumstance which may be accepted from the first, 
in any inquiry that is instituted, as a perfectly ascertained 
fact. It is a conclusion that is placed beyond the sphere 
of question, or doubt, by the indisputable force of experi- 
mental evidence. 

And, again, there can be no doubt entertained as to 
what the influence of the intruder is, when in large quantity, 
although not in concentration enough to produce the imme- 
diate arrest of life by its poisonous energy. Thai too, 
unfortunately, is a circumstance which is referred to the 
actual test of experiment every day. The state of intoxi- 
cation, produced in what is termed the intemperate use of 
spirituous drinks, is the answer which Nature herself fur- 
nishes to this branch of the inquiry, and it is a stale in 
vhich the extreme penalty of death, from the ultimate 
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accumulation of the effects of the poison, is only avoided, 
in too many instances, by the fortunate accident that the 
victim of the excess becomes unconscious and insensible 
before the deadly consummation is reached, and therefore 
incapable of putting the last touch to the destructive work. 
In all cases of intoxication, of whatever degree, the effects 
are due to the poison being carried with the streaming blood 
through the inmost penetralia of life. The spirit, with the 
blood, saturates every delicate structure in the frame. It 
penetrates the lungs, the liver, the kidneys, the skin and 
the flesh ; above all things, it fastens upon the exquisitely 
delicate and blood-filled pulp of the nerve-structures and 
the brain, and in all of these interferes with the due and 
proper performance of the appointed work of those vital 
constituents of the organization. 

One of the first signs of approaching intoxication, in 
men who drink fermented liquors to excess, is the well- 
known quickened stroke of the heart, accompanied by 
the flushing of the face, and the feeling of general excite- 
ment and vivacity. This is immediately caused by the 
enlargement of the minute arterial vessels of the frame, 
which is brought about by the direct action of the spirit 
upon the nerves that regulate the dimensions of these 
vessels. The fibrils, which in ordinary states diminish 
their size to the measure that is for the time most suitable 
to the accomplishment of the proper work on hand, are to 
some extent paralyzed by the deadening agent, even when 
it is present in this limited amount The heart then 
quickens its stroke because, the channels of the small 
vessels being enlarged, there is less resistance to be over- 
come, and there being less resistance, like a steam loco- 
motive which is relieved of some portion of opposing 
strain, it runs on with greater speed. The flushing of the 
face is caused by the greater quantity of red blood that is 
thrown through the dilated capillaries of the skin under the 



quickened action of the heart. But, as a matter of fact, all 
the structures of the frame, even to the sofi pulp of the 
brain, are at this lime flushed to just the same degree. In 
some cases, where men have died during the prevalence 
of incipient intoxication, the brain-pulp has been found 
to be crimsoned from its overcharge of blood. In 
consequence of this flushing of the brain, the thoughts, 
in the first instance, flow with augmented facility, and there 
is at the same time a general feeling of warmth in conse- 
quence of the corresponding quickening of the circulation 
that occurs in the skin. If, however, the supply of the 
spirit is continued, and more of the burning alcohol is 
drawn from the stomach into the blood, the thoughts soon 
become incoherent and purposeless. The ideas get ram- 
bling and confused, and cease to be obedient to voluntary 
direction and control ; the conversation becomes inconse- 
quential and senseless, thus vividly marking the disturbance 
which has been set up amidst the facuhies of the mind. 
All these results are to be immediately ascribed to the 
injurious change that has been produced, by the spirituous 
poison in the brain-pulp which is the proper seat of intel- 
lectual manifestation and power. As, however, the mischief 
proceeds under still further accessions of the noxious 
spirit, the parts of the brain, which have charge of the 
formation of the vocal sounds and of the articulation of 
those sounds into speech, get involved, and the utterance of 
the words becomes thick and indistinct. 

When the parts of the brain-pulp, which are concerned 
with the reception of the impressions of vision and hearing, 
are included in the disturbance, both sight and hearing are 
dulled and obscured, and distressing iUusions are generated 
in the mind. When the soft pulp at the back of the brain, 
which has the office of directing the limbs in their compli- 
cated and co-ordinated movements, is imjiaired by the 
nerve-paralyiing influence, the muscles tremble and lose 
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their power, the gait becomes uncertain and staggering, the 
balance of the movements is lost, and, in attempting to 
walk, the body is rolled from side to side. Next sleep 
supervenes — a sleep commonly so heavy and dead that the 
sleeper is in an absolutely insensible and unconscious state 
from whiclr he is incapable of being aroused — because the 
grey pulp of the more central sensorial part of the brain is 
at length saturated with the deadening poison. At this 
stage the entire grey pulp of the brain fails to respond 
to the stimulus of the blood, and ceases to perform the 
structural transformations upon which its vital agency 
depends. In a general way it is this stage of insensible 
and unconscious sleep which intervenes to arrest the further 
progress of the mischief. As soon as the victim of the 
excess ceases to be able to augment the quantity of the 
poison that is streaming through the brain, the beneficent 
powers, which are implanted in the unconscious frame, 
begin spontaneously to clear the noxious intruder out of 
the system. The paralyzing load is gradually expelled 
from the blood, and the brain-pulp gradually resumes its 
usual work. But, if the quantity of the poison, which has 
already been introduced into the stomach, is in such large 
excess that the infiltration of the spirit into the blood must 
still be maintained, the grey pulp of the spinal cord and of 
the prolongation which connects it with the brain at length 
shares in the deadening paralysis, and the vital movements, 
of which it has the charge even during the insensibility of 
sleep, and which are quite indispensable to the maintenance 
of life, — such, for instance, as the play of the chest in 
breathing, and the beating of the heart, — then, in their turn, 
cease, and actual death ensues, either from suffocation, or 
from the arrest of the flow of blood. The end in such 
circumstances is poisoning in the most rigid acceptation of 
the word. But, in every stage of the sad progress there is 
poisoning, though in a less urgent, and in not altop 
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hopeless a degree. It is on this account that the designa- 
tion of the state has been so honestly and so aptly selected 
in reference lo the great fact which has to be expressed. 
The word intoxication is merely a technical ivay of saying a 
poisoned state. • 

The poison of alcohol tells more or less upon all the 
living structures of an animated frame ; but it tells most 
speedily and heavily upon the pulp of the nerves and the 
brain, on account of the delicate complexity and high 
vitality of its composition. It fastens itself so immediately 
and so tenaciously upon the vesicular and force-originating 
portion of the brain, that this very commonly still yields 
manifest traces of its presence, when death has ensued 
many days after spirituous drink of any kind has been 
swallowed. The various effects, which have been described 
as accompanying the progress of intoxication, are all essen- 
tially due to the circumstance that the nerves and the brain 
are more quickly and more seriously affected by the 
paralyzing poison than other textures. 

When the derangement, which ensues from the intro- 
duction of intoxicating alcohol into the streams of the 
circulating blood, has not been pushed beyond the first 
stage of quickened circulation, flushed face, and incohe- 
rency of thought, the portion of the spirit, which had 
attached itself to the pulp of the brain, is again gradually 
and slowly drawn back into the blood, and at last cleared 
away out of the circulation. Its ultimate destiny is the same 
with that of all other poisonous, or extraneous and intrusive, 
substances that are introduced into the blood in quantities 
not large enough to produce speedy destruction of the 
powers of life. They are gradually cleared away by the 
beneficently conservative energies of the frame, and ex- 
* The term is derived from Ihe Greek word toksikon, which was the 
I name for the poison in which arrow points were dipped to make Ihem 
C deadly. The Latin woid intaiiirateJ avmns virtually poisoned. 
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pelled through the excreting organs and outlets. Very 
many of the most powerful medicines, indeed, produce 
their curative effects in this way. As foreign and unde- 
sirable intruders they rouse the expulsive activities of the 
system to rid the body of their presence ; and, as they are 
expelled from the blood, they carry with them, through the 
quickened efforts of excretion, other noxious products which 
have been accumulating there, and deranging the balance 
of its adjustment. 

But when ardent spirit, which has been for some time 
lurking in the blood-streams in even moderate quantity, has 
been thus in the end cleared away out of the circulating 
liquid, the various organs, that have been roused to some- 
what unnatural action to get rid of its intrusive presence, 
are very commonly left in a depressed and exhausted state, 
in consequence of the exceptional exertion which they have 
been called upon to make. This must be the case, be- 
cause all quickened excitement of living structures is merely 
work taken out of them by anticipation. They, therefore, 
afterwards become languid in their action. The heart's 
stroke, which was strong and quick, becomes weak and 
slow. The secreting organs cease to separate the ordinary 
amount of waste products from the blood. The skin, 
which was warm and smooth, gets to be cold and dry. 
The mental faculties subside into lethargy and torpor, and 
at length more or less heavy sleep ensues, during the con- 
tinuance of which the over-worked organs get reinvigorated 
and refreshed, so that in that way at last the more usual 
condition of the brain-pulp is restored. States of slight 
derangement, from the presence of alcohol in the blood, 
are thus in ordinary circumstances only followed by tem- 
porary disorder and discomfort, because the human body 
is naturally endowed with this beneficent faculty of righting 
itself, and of getting rid of extraneous ingredients that 
have found their way into the blood. The proce 
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lemoiral is, hcmcvtr, in creij case a veij sknr and 
ffodxal oae. The intnider dings with singular tenadtj to 
some of the textxnes of die body, and e^pedallj to the 
brain. Its entire remoral is a matter of days rather than 
of boars. 

Thus iar any inquiry into die action of fermented drink 
opoo the living human fome, finds itself upon sore and 
well-established ground There is no question as to the 
leading facts that have been brought under notice. There 
is no doubt, that all the essential operations of the living, 
human economy can be effidendy and vigorously performed 
without the coK>peration of ardent spirit in any form ; and 
there b no doubt that those operations are gravely and 
injuriously interfered with whenever the symptoms of in- 
toxication, or alcoholic poisoning, are produced by the 
introduction of ardent spirit into the blood. The matter, 
however, by no means stands in the same clear and incon- 
trovertible light, when the influence of the moderate and im- 
intoxicating use of fermented liquors comes under inquiry. 
First and foremost, on the very threshold of the extended 
investigation, there appears the puzzling and perplexing un- 
certainty as to how it is that the intruder is ultimately 
removed from the blood. Assuming the case where two 
glasses of strong port wine have been introduced into 
the stomach, this implies that one ounce of absolute alcohol 
has to be imbibed into the streams of the circulating blood, 
and the work of expulsion immediately entered upoa Some 
small traces of the spirit soon appear as vaporous exhala- 
tions from the skin and lungs, and also in the secretion 
from the kidneys, and at one time it was too hastily 
assumed that the entire quantity of the spirit, which had 
been imbibed, passed slowly out in these ways. More 
careful observation, however, has since made it clear that 
this is by no means the case. Only a very small portion of 
the ounce of spirit can be accounted for by these exhala- 
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tions and secretions. Yet, after a due interval of time, no 
trace of the spirit remains in the blood. This fact was put 
in a very conspicuous and striking light by a memorable 
experiment once made by the late Dr. Anstie, whose inves- 
tigations into the agency of alcohol were most searching and 
exact. He gave a dog, weighing ten pounds, two thousand 
grains of alcohol, in divided doses, during ten days, and 
two hours after the final dose of ninety-five grains had been 
taken he killed the dog, and then subjected the entire mass 
of its body to distillation, to see how much of the two thou- 
sand grains still remained in its blood and structures. 
The utmost quantity of the spirit that he could recover by 
this distillation, amounted to twenty-three grains and a half. 
The perplexing difficulty, therefore, here presented itself of 
accounting for the disappearance of the other 1976 grains 
of alcohol. What could possibly have become of these ^ 
Certainly but a very minute part of them had exhaled*, 
through the kidneys, lungs and skin as unchanged spirit. 
The only alternative that remained, was the inference that 
the rest had been changed, in the laboratory of the living 
body, into something else which was no longer appreciable 
as spirit, and whose existence science was not yet com- 
petent to detect 

But the surprising result of this interesting experiment", 
and various other considerations of a similar tendency, open 
another stage of the complicated investigation that is of the 
highest practical moment. Can ardent spirit, after it has 
been taken into the system, by any possible means be 
turned to account as food ? Can it be split into its con- 
stituent elements, and can these elements be then wholly, 
or in part, built in with the other ingredients of the struc- 
tures ? That some such use is made of the spirit would only 
be in accordance with the prevalent impression that there 
is strength of some kind, and support for the body, in fer- 
mented beverages; that men are more capable, w* 
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for muscular exertion, or for intellectual work, in conse- 
quence of the beer and wine which they consume. 

That the inflammable compound, thus introduced into 
the blood, is not at once burned up by the reducing touch 
of the respiratory oxygen, and converted into carbonic acid 
and watery vapour, is obvious from the fact that no heat, at 
all in proportion to what in such circumstances would neces- 
sarily be generated, is really produced. The combustive 
destruction of alcohol out of the body, is attended by a 
very large development of heat. The flame of burning 
spirit is a very hot one. But the advanced stage of the 
saturation of the blood with alcohol is invariably attended 
with the production of cold in the body, instead of with 
the development of heat The warmth, which is felt in 
the first stage of inebriation, is very transient, and is speedily 
succeeded by a low temperature and by persistent cold. 
And then, again, if the alcohol were burned into carbonic 
acid in the blood, as a matter of course an increased quan- 
tity of carbonic acid, which is the product of such burning, 
would be thrown out with the breath as a consequence of 
the operation. But such increase of carbonic acid, in the 
breath of persons under the influence of spirituous drink, 
certainly does not occur. The discharge of carbonic 
acid at such times is diminished rather than increased. 
The unavoidable conclusion, therefore, which is established 
by these well ascertained facts, is that the excess of the 
spirituous drink is not simply burned out of the blood. The 
only alternative that remains is the one which has already 
been alluded to — namely, that the spirit is converted into 
some other subtle product which has a less obtrusive and 
less marked individuality than the volatile and inflam- 
mable liquid; which passes through the outlets provided 
for the escape of waste and extraneous matter without 
detection ; and which hitherto has eluded the scrutiny of 
the most skilled and careful observers. 



LECTURE XII. 

The Pathological Results of Intemperance. 

There are certain considerations which seem to justify the 
view held by many well-qualified and conscientious investi- 
gators, that ardent spirit, after it has undergone decompo- 
sition and destruction as spirit, in the living human body, 
does in some instances act as a kind of nourishment, or 
food, — that in some qualified sense, it does give support 
to the vital strength of the organism. Thus it appears to 
be very fairly proved that, in some special instances, human 
beings have lived for surprisingly long intervals of time 
upon scarcely anything but a few morsels of bread, and a 
large quantity of spirit taken day after day. It is also 
quite certain that, in some depressing and exhausting 
forms of febrile disease, people are occasionally sustained 
through critical periods of the disorder by a very liberal 
allowance of brandy and wine. 

There are thus two sides to this very perplexing ques- 
tion, and, as a consequence, there are intelligent and expe- 
rienced observers who maintain that fermented drink is, in 
every case, either a useless or a noxious agent j whilst 
there are no less intelligent and experienced investigators 
who as strongly believe that it is a serviceable and nou- 
rishing auxiliary to the food, when employed in duly 
restricted and regulated quantities. 

The common-sense conclusion from this conflict of 
opinion, which most readily suggests itself to unbiassed 
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minds, assuredly is that as yet nothing appears to be satis- 
factorily known in reference to this particular depart- 
ment of vital physiology. No one can yet trace the 
transformations to which alcohol is subjected, when it 
is mingled with the complex and half- vitalized ingredients 
it encounters in the plasma of the blood, and in the labora- 
tories of the organization. No one can yet say what 
becomes of the spirit when it ceases to be spirit, and no 
one can tell how it finally makes its way out of the blood. 

But all that is known, of the half-chemical and half- vital 
ptocesseS carried on within the animated frame, points 
strongly to the high probability that, whatever the change 
may be, it must be one in which the appropriation of free 
oxygen is an essential condition. It must be an oxidation 
in some measure or form. Various compounds are known 
which are obviously the result of the further reduction and 
oxidation of alcohol. 

The colourless liquid, recognized by the chemists as 
" aldehyde," and characterised by the emission of a peculiarly 
suffocating vapour, is one of these. The yet more familiar 
compound, acetic acid, or vinegar, is another of them. 
Aldehyde is, indeed, one stage forward in the degradation 
of alcoholic spirit into vinegar. Whenever wine is left fully 
exposed to the air, its spirit is speedily changed, first into 
aldehyde, and then into vinegar. If the supply of air is 
restricted within very narrow limits, and not freely sup- 
plied, aldehyde alone is produced. But the oxidation and 
destructive decomposition do not then proceed to the 
generation of vinegar. When wine becomes sour from 
exposure to the acidifying action of the air, it loses its 
spirituous strength in the exact proportion in which the 
acidity is developed. It is clearly the spirit, or alcohol, 
which is transformed into the acid by the acquisition of 
additional charges of oxygea The aldehyde, which is 
formed by the oxidation of alcohol, has each of its mole- 
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cules constituted by the grouping together of two atoms of 
carbon, four atoms of hydrogen, and one atom of oxygen. 

Symbol expressing the chemical composition of a molecule of 

aldehyde, C« H* 0\ 

The molecule of acetic acid contains two atoms of carbon, 
four atoms of hydrogen, and two atoms of oxygen. 

S)nnbol expressing the chemical composition of a molecule of 

acetic acid, C'' H* 0\ 

But, if the free oxygen, which is furnished through the 
unceasing activity of the red corpuscles of the blood, is 
diverted from its proper work to the task of attacking 
intrusive alcohol and getting it reduced from its poisonous 
and burning state into a somewhat less actively injurious 
condition, whatever that may be, it is clear that the mate- 
rials, which, under other circumstances, would have been 
removed by its oxidizing agency, must be to that extent 
left unchanged in the blood. Such materials, however, are 
waste substances which require to be cleared away. Con- 
sequently, as the work of the oxygen is diverted from them, 
they remain a load of contaminating refuse in the channels 
of the circulation. One obvious and very frequently- 
encountered instance, of this perturbing influence of alco- 
holic drink upon the balanced actions of the living economy, 
is the copious production of the red deposit in the secretion 
from the kidney, with those who make an over free use pf 
fermented beverages. That deposit is insoluble uric, or 
lithic acid, superabundantly generated in the system 
because the nitrogenized waste, resulting from the wear and 
tear of nerve and brain, is not duly converted into soluble 
urea for easy removal in the natural way. The lithic acid, 
as has been already remarked, is urea arrested one stage 
in the process of downward degradation. It is urea which 
has been screened from the tooth of the oxygen by the 
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intrusive alcohol which has intervened to appropriate that 
oxygen to itself. 

Most people are aware that it is to this undue accumu- 
lation of lithic acid in the blood, and this insufficient and 
stinted production of the easily removed urea, which is the 
cause of gout, rheumatism, and the allied group of painful 
and too often obstinate and disastrous disorders. The 
beneficial influence of alcohol, when judiciously adminis- 
tered, in critical stages of wasting disorders, is in no way 
opposed to this view of its action. In such disorders, one 
prominent feature of the mischief is that the actual struc- 
tures of the body are too rapidly and fiercely attacked 
by the consuming oxygen. The intervention of the spirit, 
in such circumstances, naturally arrests and diminishes the 
too ready consumption of the vital tissues themselves. 
Indeed the notion is rapidly gaining prevalence amongst 
intelligent physiologists, that this is one mode in which the 
moderate and habitual use of fermented beverages seems to 
act in a useful way. It moderates the waste of the struc- 
tures of the body, and, in so doing, enables the real food to 
go farther than it would otherwise do in furnishing them 
support and repair. 

But, while considering the action of fermented drinks 
from this point of view, it must be remembered that there 
is another side to even this aspect of the question. The 
appointed purpose of animal life is wear and tear, or rapid 
change. The most energetic of the structures of animal 
organization, such as muscle and brain, are those which 
have the highest capacity for undergoing destructive trans- 
formation. Their peculiar energies and power are furnished 
at that cost. The force developed is proportional to the 
fuel that is consumed. To stop the waste of such organs, 
therefore, is to lower the energies of life, to diminish the 
work of the highest character — that which is accomplished 
by muscle and brain. The relief of immediate strain comes 
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in as a very beneficent aid, under circumstances in which, 
from some abnormal cause, it is desirable to husband the 
strength of defective or failing powers. But it can even 
then only be secured at the cost of a diminished exercise of 
the highest privileges of muscular and intellectual life. It 
is an expedient adopted upon the principle that a half 
vitality is better than no vitality at all. But it can in no 
sense be a desirable proceeding where there is an ample 
reserve of vigour in the frame, and where the organs of 
nutrition are in full and healthy play. The object to be 
then contemplated is an existence of full vitality, in which 
muscle and brain are most vigorously consumed and most 
energetically repaired — a state which certainly is not favoured 
by the " waste-arresting " agency of alcohol. 

When all these considerations have been taken into 
account, there still remains the undoubted truth that a very 
large number of mankind habitually employ fermented 
beverages day by day, as a part of their ordinary diet, 
without shortening their lives and without experiencing any 
material amount of derangement or discomfort that can 
with certainty be ascribed to the habit, so long as the 
quantity that is consumed is resolutely restricted within 
moderate limits. But, in reference to this, there at once 
arises the delicate, and, in reality, very perplexing question, 
as to what moderation and temperance in this particular 
are ; for this is a point on which well-qualified and largely- 
experienced authorities disagree. On the one hand, it is 
stated by intelligent and apparently unbiassed physicians 
that four glasses of strong port wine, or a bottle of claret, 
per day is a moderate allowance for most people; whilst 
others hold that a single glass, or a glass and a half of light 
wine, mingled with water, is an ample allowance for all 
healthy men. This discrepancy of opinion is, no doubt, in 
some measure, due to the circumstance that the standard 
of safety is different for different individuals. As a matter 
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of fact, a quantity of spirit, that leaves no trace of derange- 
ment behind it with some people, is capable of producing 
really injurious results with others. This result in part 
depends upon the sensitiveness or bluntness of the nervous 
susceptibiUties, but mote upon the vigour and capacity of 
the excreting organs to accomplish effective work, upon the 
nature of the diet, and other particulars. Four glasses of 
strong port wine, as a daily allowance, is certainly more 
than can be safely disposed of by every one. 

In considering the effect of the moderate use of beer 
and wine as a usual adjunct to the principal meals of the 
day, it is of seme consequence that the various strengths of 
the different kinds of beverages shall be kept in mind. In 
strong port wine there is usually about 25 per cent, 
of absolute alcohol. This means that four glasses of 
such wine contain one glass, or something like two fluid 
ounces, of absolute spirit. In the case of four glasses of 
the wine being drunk, two ounces of spirit are therefore 
gradually churned up with the sixteen pints of blood. Two- 
thirds of a bottle of claret, hock, or champagne, a glass and 
a half of brandy, and five large tumblers of table beer, 
furnish approximately the same quantity of ardent spirit 
There is some confusion and apparent discrepancy in the 
statements that are ordinarily made in regard to the alco- 
holic strength of wine and beer, because the percentage is, 
in some cases, given as referring to absolute alcohol, and 
sometimes in what is termed proof spirit; but these are, 
in reality, very different things. Rectified spirit is absolute 
alcohol diluted with 16 per cent, of water. It consists of 
eighty-four measures of absolute alcohol mingled with 
sixteen measures of water. Proof spirit is formed by mixing 
five pints of rectified spirit with three pints of water. It 
consists, therefore, of forty-nine nieasures of absolute alco- 
hol and fifly-one measures of water, and is, therefore, 
iproximately half water and half absolute spirit 
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of die jgnmaj n e in legard 23 the pS:T90kio^cal opeonoes 
of die bodf tim so geacnJhr prevails ; and, in tbe seoond 
place, becaiae die jodgmect is iraiped by die piessant 
«T« s tfions ^indi die drinVrng of beer and mine aloKKI 
ceitainlj calls i^. The naeie ibvce of habit, too, is an 
influence diat needs to be guarded ^g;«w»cr. There is 
nodnng jdofc commoo than to iKar men, vho hare been 
used to a Hbeial aflovanoe of vine, sa^p — vhen, for some 
leasoOy thej have been indnoed to lefrain altogether from 
it for a time — diat thej are certainlT not so weQ in their 
abstinence as thej veie in their indulgence, simplr becanse 
they aie tmcomfoitable froni the sense of forced lestxaint 
and 60m the lestriction piactd upon an enjoyable habit. 

Peihaps one of die first thii^ that leqnires to be done, 
in g)proarhing toward a tmstwoidiT sohmon of diis difll- 
cuhy hf expauaeatal means, is to escape firom the thraldom 
of the inflnence of habit If any one, who has become 
inmed to the dailj use of beer and wine, will caiefolly 
notice what occurs on refhdning for a few days from the 
accustomed indulgence, he will find that there is at first a 
very distinct craving for the drink at the usual time ; but 
that, under the resolute persistence in abstinence, this 
craving becomes less day by day, until in the end it ceases 
to be felt If then wine be taken for three or four days, the 
craving will be recalled, and will only again disappear after 
several days of abstinence ; or, in other words, after the 
contiimity of the chain of habit has been broken. 
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But, apart from this thraldom of custom, there is the 
further circumstance to be noticed that with most people 
the habit is one which grows with indulgence. If, for a 
certain time, wine is taken until some agreeable feeling of 
pleasurable excitement is called up by its use, upon suc- 
cessive days, quite unconsciously, increased quantities of the 
seductive beverage will be desired. It is in this way that 
in most instances habits of intemperate indulgence are 
established, and this is perhaps the strongest argument that 
has yet been adduced in favour of their doctrines by 
the advocates of entire abstinence from fermented drinks. 
There may be, and no doubt are, some people who have 
self-command and force of will enough to keep rigidly 
within the limit that prudence and a reasonable conviction 
have established. But there are certainly very many more 
who are quite unequal to this task, and who yield to the 
insidious desire. The power of the seduction is assuredly 
expressed in the fact that there are no people on the earth 
who have not learned to create the means of intoxication in 
some form or other. But it is even more strikingly exhi- 
bited in the circumstance that Great Britain and Ireland 
spend more than one hundred and thirty millions of pounds 
sterling upon beer, spirits and wine every year. One 
hundred and thirty millions of pounds is a very large sum 
of money, and one which might be put in various ways to 
very excellent use. The seduction must certdnly be very 
strong that can lead a rational community, not larger than 
that of the British Islands, to devote such an outlay to the 
indulgence ; and this argument increases in weight when it 
is remembered that, apart from the most liberal allowance 
for differences of opinion and for debatable ground, there 
still remains so vast a proportion of this sum devoted to 
what is well known to be an intemperate and hurtful appli- 
cation. 

It may also be strongly urged, as worthy of the con- 
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sideration of those who habitually use alcoholic drinks in 
the most temperate way, how advisable it is that, even in 
that moderate course, there shall be occasional intervals of 
abstinence for a few days. This perhaps is the most satis- 
factory and sure guarantee of the avoidance of risk that can 
be adopted. It serves a doubly good purpose. It breaks the 
dangerous chain of habit which has been alluded to ; but 
more than this, it prevents the unconscious accumulation of 
the tenacious spirit to a hurtful amount in the blood and 
nervous structures. As has been already stated, alcohol is 
only very slowly and gradually removed after it has been 
mingled with the blood. The circulating stream does not 
get a fair opportunity of clearing itself from the, at least, 
doubtful intruder unless the ingress is occasionally stopped. 
So long as fresh supplies are furnished, even in small quan- 
tity two or three times in the day, there is always the 
possible risk that the supply may be in excess of the re- 
moval, and that an undesirable and, at the same time, 
unintended accumulation is, in the end, brought about 
It is very commonly observed that a certain amount of 
toleration of the poisonous influence of alcohol is esta- 
blished by use. Those, who employ large quantities of 
fermented drink every day, become gradually less prone to 
be affected with intoxication, and can consume augmenting 
amounts without showing signs of inebriation. This, how- 
ever, is very easily understood. It is due to the circum- 
stance that the delicate structure of the brain is already 
undergoing deteriorating change. The brain-pulp is affected 
by the alcohol in proportion to the delicacy and integrity 
of its organization. Whenever its structure has become 
condensed and dried by the agency of alcohol, whose 
natural tendency it is to deprive moist substances of some 
portion of their water, it is less sensitive to the disturbing 
effect. The alcohol then passes with the blood-stream on 
its way, instead of being at once arrested in the grey 
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vesicles and attached to their pulpy substance. B 
brain is to the same extent unfitted for its proper 
This is what is really meant by becoming seasoned to strong 

There is a somewhat common, but scarcely reasonable, 
belief that the stomach becomes in some similar way sea- 
soned to the use of spirituous drink in any form. The 
teaching of physiology, however, is in no sense favour- 
able to that view. As a matter of fact a very large part of 
the work of healthy digestion is performed by the agency 
of the ferment of the stomach known as pepsin, already 
described, which loosens out the dense albuminous ingre- 
dients of the food, and enables them to pass through the 
absorbing membranes of the alimentary canal, and to get in 
that way into the blood. This ferment appears to have the 
power to carry on its work in the presence of very dilute 
alcohol ; but it certainly has not the power to do so when 
the alcohol is in any considerable strength. This is at once 
proved by an easily performed experiment. If albuminous 
substances, such as coagulated white of egg, or lean beef, be 
left for a few hours in a warm place soaking in a mixture 
of weak hydrochloric acid, artificially prepared pepsin, 
and water, those substances are finally dissolved exactly 
as they would have been if left for the same time in 
the stomach of a living animal. But if a considerable 
quantity of strong alcohol is poured into the mixture, 
no such solution takes place. The alcohol entirely 
suspends the fermenting power of the pepsin. Precisely 
the same result follows when a large quantity of strong 
wine is taken with an abundant rae.il. The pepsin for the 
time cannot do its work, and the gastric digestion is 
suspended, until the wine has been drawn out of the 
stomach by the absorbing vessels of its coats. The 
digestion is then carried on, but onlj' in some halting and 
imperfect way. Perhaps one of the most frequent causes 
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of the establishment of mdigestion, with its concomitant 

miseries and woes, is the injudicious and immoderate use of 

strong wine. The digestive ferments in such cases are set 

to do their work in the presence of an agent which is 

notably an invincible antagonist to their digesting power. 

The sugar in strong wine is preserved from further change, 

as has been seen, as soon as the spirit of the wine amounts 

to twelve per cent Even yeast itself is kept from further 

action and decay, when it is bottled up in a strong solution 

of spirit. This is the true explanation of the well-known 

fact that persons, who refrain from spirituous or vinous 

drink, so commonly acquire such vigorous appetites. The 

digestive ferments in their case are left to accomplish their 

work without the unnatural interference which alcohol 

exerts. 

When fermented, and therefore alcohol-containing, 
drinks are used in great moderation, there can be no doubt 
that they may, in many instances, be so employed for con- 
siderable periods of time without leading to any discover- 
able derangement of the actions of the living economy, or 
of the structural integrity of the most delicate of its organs. 
This is proved by a very large experience. There are some 
people to whom even the smallest 'amount is injurious ; 
but this is certainly the exception rather than the rule, and 
is due to some special delicacy or defect of organization. 
But how this immunity is to be interpreted and explained, 
after all that has been said relating to the poisonous 
influence of alcohol when it is introduced into the living 
structures, must, in the present state of physiological 
science, be so far held to be matter of doubt, as to leave 
fair ground to every one for the exercise of individual 
opinion. It is obvious that the result may be due either to 
the alcohol not exercising any injurious or objectionable 
effects upon the textures or the blood when in a very dilute 
state, as it is when not more than one or two teaspoonfuls 
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are diffused through the two gallons of liquid contained in 
the blood-vessels of each individual frame ; or it may, on 
the other hand, rather be a consequence uf the singular 
power of the living economy to resist and escape from the 
injurious influence of extraneous and unnecessary agencies, 
and to free itself from irregularities, when these are not in 
too concentrated strength. There is nothing of weight iiv 
the mere fact that the agent is of a poisonous nature, 
because even food, in a certain sense, is a poison when 
taken in undue excess. Nothing is more certain than that 
the marvellously adjusted mechanism of the human organi- 
zation is continually dealing with poisons in various ways, 
and escaping unhurt from the ordeal 

But whenever, in any individual case, the bounds of 
moderation, which are well within the scope of this recu- 
perative power, are passed, the first influence brought into 
play seems to be due to the remarkable tendency which 
ardent spirit has to draw water to itself. This is one con- 
sequence of that ready miscibility of spirit with water, in 
any proportions, that has been already alluded to. Strong 
spirit will draw water to itself out of moist substances, and 
in doing so, as a matter of course, dries them to that extent 
by the act of appropriation. This is very strikingly indi- 
cated when the brain-pulp of a dead animal is immersed in 
strong spirit of wine. Such brain-pulp is so moist and soft, 
in its natural state, that it is torn by the slightest roughness 
of handling, and that it runs rapidly into decay. But after 
it has been plunged into spirit of wine, it speedily becomes 
firm and hard, and so durable that it can be preserved 
unchanged for years. This is entirely due to the moisture 
being drawn out of the pulp by the strong spirit. When a 
small quantity of very strong spirit is introduced into the 
Stomach of a living animal, it actually dilutes itself by 
drawing water out of the tissues. But the albuminous 
I membranes of the living body require, it must be reraem- 
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bered, to be kept in a moist condition for the due per- 
formance of their vital functions. If they were not in this 
moist state, they would not be freely permeable by the blood. 
No liquid secretion, or separation from the blood, would be 
possible if the vesicles and capillary vessels of the secreting 
organs were not maintained in that condition. No muscular 
exertion or brain action would be possible if the membranes 
and fibres of the muscles, and the films of the brain 
vesicles, were not kept in a similar moist state. All the 
organized compounds of the body, which are formed with 
the help of nitrogen and which are the most vitally active, 
are moulded into a soft jelly-like condition, that is techni- 
cally distinguished as "colloidal."* The fibrin of the 
blood, the flesh and tendons of the muscles, the cartilages 
of the joints, the tissue of the skin, and the nerve films of 
the brain, are all examples of this colloidal matter, and the 
principal agent of their vital activity is their moisture. The 
water they contain favours the ready transformation of 
substance which is the physical provision for the liberation 
of serviceable force. But if these colloidal substances are 
kept continually deluged with alcohol, they are soon de- 
prived of their moisture, and hardened into an impervious, 
leather-like state. This hardening and thickening of tex- 
tures, which ought to be jelly-like and soft, is a change that 
is recognized by medical men under the distinctive epithet 
of " sclerosis, "t It is produced by various conditions of 
derangement, but is of exceedingly frequent occurrence 
after the prolonged use of alcoholic drinks in very abundant 
quantity. It then affects all the most important organs of 
the frame. The lungs, liver, kidneys, heart, blood vessels, 
spinal cord, and brain, are all more or less involved in the 
change ; but the spinal cord and brain are more prone than 

* From the Greek words kolh^ glue, and eidos, resemblance, or 

like. 

t From the Greek word sclerosis, hard. 

13 



194 FAMILIAR LECTURES. ON THE 

the rest to take upon themselves the destructive alteration, 
on account of the great abundance of water which their 
soft, moist pulp contains, and also because they are organs 
not naturally furnished with any form of secreting outlet. 
The spirit, having once made its way into their substance, 
can only be ultimately removed " through being taken back 
into the blood vessels by a gradual reabsorption through the 
filmy walls of the capillary vessels. An undue softening 
of the spinal cord and brain is also very commonly found in 
inveterate drunkards. But this is in no way opposed to what 
has been said regarding the hardening of the delicate pulp, 
because it is, in reality, a still further destructive change which 
follows upon the hardening. The previous derangement in 
structure sets up a kind of inflammatory action, which in 
the end leads to softening, as a first step in the final process 
of molecular dissolution and disorganization. Intoxication, 
however, even in its transient and occasional form, is 
attended by some kind of structural derangement in the 
pulp of the spinal cord and brain. If the excess be of 
exceptional occurrence, the injury to the nerve pulp is 
gradually repaired. But if it be repeated again and again, 
the disorganization is at last rendered permanent by the 
repetition, and by the prolonged persistence of the poisonous 
influence. More serious perturbation of the function of the 
brain is then manifested. The irresistible propensity to 
renew the inebriation at frequently recurring intervals, which 
is known as " dypsomania," * is due to destructive change in 
the texture of the brain. Raving madness, which not uncom- 
monly appears with it, is the effect of still further progress 
in the injury done to the substance of the same organ. 
The delirium tremens, or trembling delirium, that is so 
essential and marked a characteristic of inveterate habits of 
drunkenness, is another form of the same state, in which 

* ** Thirst-madness." From the Greek words dipsa^ thirst, and 
mania, madness. 
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the advancing disorganization is principally restricted to one 
particular part of the brain. The tremors which, in this 
form of delirium, recur in paroxysms, are not, however, 
ntermitting contractions of the muscular fibres, as at the 
first glance appears. They are really waves of inability to 
contract — ^waves of muscular paralysis passing intermittingly 
through the fibres of the flesh — the foreshadowings of a 
general paralysis of the muscular power, that is approaching 
with a halting step. Irremediable, hopeless paralysis and 
epileptic convulsions are the final results which attend upon 
such destruction of the organization of the brain. Whatever 
may be thought as to the ultimate effect of moderate indul- 
gence in vinous and spirituous drinks in shortening the 
natural term of life, there can be no question as to the 
power of confirmed and uncontrollable intemperance to do 
so. It has been well ascertained that the fair expectation of 
life for a healthy and temperate man, who has already 
reached the age of twenty, is another forty-four years ; but 
the expectation of life for a confirmed drunkard at the same 
age, is only fifteen years. The drunkard, as a general 
result, thus sacrifices something like twenty-nine years of 
valuable life, in addition to the very considerable number 
of days of that shortened period which he also destroys by 
mental incapacity or insensibility. 

Quite irrespective of these well-known results of the 
grossest forms of confirmed drunkenness, there are various 
incidental derangements of the proper adjustments of 
healthy life familiar to medical practitioners, which can 
with tolerable certainty be ascribed to the more moderate, 
although habitual and continued, use of alcoholic drink. 
Authorities of the highest character and of the widest and 
largest experience have placed upon record their con- 
victions that the habitual use of alcoholic beverages, even 
when restricted to an amount that falls far short of the 
quantity required to prodtice drunkenness, and that is con- 
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ventionally held to be well within the limits of moderation, 
is the cause of a very large proportion of the most painful 
and dangerous diseases which are met with in the ordinary 
routine of medical practice.* One common result is the 
slow degradation of what should be the firm and compact 
texture of the fibres of the flesh into a kind of flabby fat, 
which is technically known as fatty degeneration. Wl:ien 
this occurs, the powers of muscular effort and endurance 
fail, and, if the derangement involves the contractile fibres 
of the heart, its movements become liable in the end to be 
arrested in a moment by any sudden strain accidentally 
thrown upon them. The liver, next after the spinal cord 
and brain, is perhaps the organ that most frequently sufi*ers 
in its integrity. Although it has not been found possible 
to prove that such is the case, it is probable in the highest 
degree that the conversion of the alcohol into some hitherto 
undetected compound, convenient for removal from the 
living body, is effected by the liver. But this, of course, 
can only be accomplished by an organ of such primary 
importance in the ordinary functions of life, at the cost of 
great incidental effort and strain. A darkened state of the 
blood has also been not unfrequently referred to the influ- 
ence of the prolonged and unintermitted use of intoxicating 
quantities of vinous and spirituous drink, and that is 
obviously just what might reasonably be expected to be 
found where the oxygen, designed for the removal of the 
waste carbon of the structures, is diverted to the extraneous 
and incidental work of disposing of intrusive alcohol. 

The several considerations which have been thus far 
passed in review, sufficiently indicate that the physiological 
action of drink is a subject deserving a more careful 
attention at the hands of the general community than 

* See a letter addressed to the Archbishop of Canterbury, by Sir 
Henry Thompson. Printed in T/u Times of March 27, 1873 ; and 
again quoted in the Appendix, at page 220. 
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it ordinarily receives. There is, perhaps, no branch of 
domestic habit and routine in which more momentous 
issues are at stake, and yet there certainly is none in which 
misconception and ignorance more commonly prevail. It 
is on this account that in the familiar statement of the case 
which has been attempted in these Lectures, a broad phy- 
siological mode of treatment has been pursued, and an 
appeal made to the reason, to intelligence, and to common 
sense, rather than to sentiment. It will not fail to be 
observed that some of the matters which have been touched 
upon, are held to have already assumed the definite aspect 
of ascertained truth and settled fact, whilst others still 
remain subjects of controversy and await further investiga- 
tion. In reference to these unsettled and controverted 
portions of the inquiry, there is no alternative but that 
every individual must assume the responsibility of weighing 
for himself such arguments as can be advanced concerning 
them, and of forming a judgment upon the merits and 
probabilities of the case. But it can only be when the 
physiological conditions of such debatable matters are 
properly understood, that anything like a satisfactory con- 
clusion will be formed, or that the benefit of the doubt 
under other circumstances will be secured. A very large 
number of those who acquire habits of undue and unsafe 
indulgence in the use of inebriating drink, most certainly 
do so in absolute ignorance of the danger that is incurred 
until this is brought home to their perceptions by the hard 
school of suffering, and after inveterate and ineradicable 
propensities have been established. No better protection 
against so untoward a result can be invoked than that 
which is comprised in a sound comprehension of the 
physiological actions involved. 



LECTURE XIII. 

The Dietetic Value of Tea, Coffee, and Cocoa. 

In all cases of artificially prepared beverages, their power 
as, drink unquestionably depends upon the water which 
they contain. It is the water that is drawn from them in 
the stomach, to maintain the free mobility, and transport- 
ing capacity of the blood, which are the essential parts in 
the service drink is intended to perform. The circum- 
stance, that alcoholic spirit is taken from the stomach by 
the same ready route, when fermented beverages are used, 
is merely an accident due to the consistency of this liquid, 
to its free solvency in water, and to its habit of passing 
through films of thin membrane, in order to mingle with 
water. But for the primary objects for which the periodic 
introduction of liquid into the body is required, the water 
is better without any extraneous addition. It is better as a 
solvent, better as an agent of transport, better as a pro- 
moter of chemical transformation, and better as a scavenger 
and purifier. The entire series of artificial drinks are pre- 
pared and employed, not because they are more efficient 
for these all-essential and primary services, but because 
they produce some pleasant sensations over and above the 
office which the aqueous ingredient performs. In the 
case of some kinds of fermented beverage, such as strong 
beers and wines, and concentrated spirits, the superadded 
qualities are unmistakably antagonistic to the primary 
requirements of drinL They thicken the distributing 
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stream, impede its free flow, and embarrass its transforming 
proclivities and energies. When this is the case, the fact 
is indicated by the natural feeling of thirst, the proper 
admonition that more water is needed, being transformed 
into an unnatural craving, that increases, instead of being 
satisfied and removed, with indulgence. 

There are, however, some kinds of artificially prepared 
drinks almost universally employed at the present time, on 
account of the pleasant sensations that attend upon their 
use, which are not either fermented, or thickened to any 
material amount with extraneous substances, and to which 
therefore the objection just alluded to, applies with mate- 
rially diminished force, if indeed it is pertinent at all. In 
such, certain soluble matters are extracted from vegetable 
elaborations by the aid of boiling water, and the infusions 
so prepared, are taken as soon as they are cool enough to 
be comfortably swallowed, and before any fermentative 
decomposition has been set g^ing. There are three bever- 
ages of this class, familiarly known as tea, coflee, and 
cocoa, which have acquired a very large importance on 
account of their almost general adoption as beverages. 

There is no ingredient in any of these beverages that is 
as treacherous and powerful for harm, as the ardent spirit, 
which is engendered in sweet liquids by fermentation ; but 
there is, nevertheless, something in them of an altogether 
different character, which is capable of proving mischievous 
if they are intemperately or injudiciously employed. This 
possibly hurtful ingredient is present in a comparatively 
small quantity, but can be easily made to manifest itself by 
proper handling, as may, perhaps be most conveniently 
demonstrated in the case of tea. If a small quantity of tea 
be put into a watch-glass, and this be then placed for a few 
minutes upon the hot plate of a cooking range, and covered 
over by paper, it will be found that a light vapour soon 
rises, or sublimes, out of it, and is then condensed upon 
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the paper in the form of white, needle-shaped crystals. 
This is a peculiar compound, fabricated in the first instance 
as a product of vegetable elaboration, in the leaves of the 
plant It is a definite compound of the most perfect and 
finished individuality, and as pronounced in its specific 
characteristics, as either sugar or salt It is a constant 
ingredient in the leaves of the tea plant, being never in any 
circumstance wanting in their composition, and is of a 
highly complex character so far as its constitution is con- 
cerned. Each primary molecule apparently requiring 
eighteen elementary atoms for its production, of which 
eight are carbon, five hydrogen, three oxygen, and two 
nitrogen. Like albumen and gluten, it, therefore, belongs 
to the nitrogen-containing group of vegetable productions, 
and in that particular, is strongly contrasted with alcohol, 
which is destitute of nitrogen. It is so important a result 
of vegetable activity that it has had a specific name con- 
trived for it It is known everywhere amongst chemists as 
"theine."* 

Symbol expressing the chemical composition of a jnolecule of 

theine,C8H«03N3. 

The white crystalline ingredient, thus extracted from 
tea, is capable of exerting a very powerful influence upon 
the nerve-structure of living, human beings, when 
administered in a concentrated state. It first lessens the 
force of the heart's stroke, and diminishes the speed of 
the circulation of the blood. It then produces a feeling of 
gentle and pleasant excitement, very similar to that which 
is experienced shortly after taking nourishing food. If the 
dose administered has been large enough, it next causes a 
somewhat distressing wakefulness. Very large quantities 
may even be followed by convulsions, insensibility, and 

• The word theine has been constructed from TTua, which is 
the Latin generic name for the tea plant 
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death. As a matter of fact, in its concentrated state, it is 
a potent compound of a similar character to the morphia 
which is extracted from the poppy, to the narcotine which 
is procured from tobacco, and to the quinine which is the 
medicinal ingredient in Peruvian bark. * Its chemical 
composition indeed very nearly resembles that of those 
substances. The full stimulant effect of theine is pro- 
duced upon persons of delicate organization, by five grains. 
Any quantity beyond that is apt to cause wakefulness. 

The quantity of theine contained in tea in the state in 
which the dried leaf is introduced as a commercial pro- 
duct, varies considerably. In good, ordinary tea, there 
should be about 175 grains in each pound. A teaspoonful 
of tea weighs about seventy grains. In such a teaspoonful 
there should be from two to three grains of theine. Two 
teaspoonfuls of tea, in such circumstances, would furnish 
from four to six grains, which, it will be remembered, is the 
full stimulant dose. It will, therefore, be understood that 
people who drink many cups of strong tea in succession 
may easily get more of that active principle than is good 
for them. Thus far, the common impression that strong 
tea is apt to keep people awake if it be taken late in the 
evening, appears to be well founded. 

It is not, however, on account of its containing this 
white crystalline substance, that tea is so generally used. 
The theine itself has a somewhat bitter and by no means 
pleasant taste ; but there are other substances, of a much 
more agreeable flavour, associated with this product The 
fragrance of the leaf is due to the presence of an essential 
oil, which also produces a sense of pleasant excitement 
when it is swallowed, and is destitute of any kind of 
poisonous or injurious influence. There is also in tea a 
not inconsiderable quantity of tannin, the astringent ingre- 

* It is said that in very hot countries, such as Penang, tea acquires 
actual narcotic powers. 
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dient so largely developed in the bark used for tanning 
leather. Altogether, in each pound of good tea there are 
ahout five ounces of soluble substance, capable of being 
taken up into boiling water. Of these, a little more than 
two ounces is astringent tannin. Two ounces are different 
kinds of vegetable extracts mingled together; 175 grains 
are crystalline theine, and twenty-eight grains are essential 
oil. More than one-half of the pound of tea, or eight 
ounces, is coarse vegetable fibre that is insoluble in boiling 
water, and that remains behind as the mass which is left 
after the water has been poured away. If one hundred 
grains of good tea be boiled in water, until nothing more 
can be extracted, and the water then be poured off and 
carefully evaporated, there should remain behind about 
thirty-five grains of dry, solid residue. This is the soluble 
part which was extracted from the leaf by the boiling water, 
and which is, therefore, the active principle of the tea 
appropriated when it is used as a beverage. Any nutritious 
power which the tea may possess must, therefore, be con- 
tained in this soluble part. 

The actual fact, as regards the good or bad influence of 
tea when used as an article of ordinary diet, is again a 
matter that falls to some extent within debatable ground. 
Its action, whatever this may be, is too occult and subtle to 
be traced in the existing state of physiological science with 
anything like certainty. There are some authorities who 
hold that it is a serviceable nourishment ; and there are 
others who ascribe to it an injurious effect upon the nervous 
organization and upon the digestive processes, even when 
restricted to a very moderate quantity. It is, nevertheless, 
used at the present time, as an article of ordinary diet, by 
quite one-half of the human race, and it is obvious to the 
most careless inquirer that, at any rate, no injurious results 
at all commensurate with those which ensue from the 
e of intoxicating drinks can ever be referred to 



PHYSIOLOGY OF FOOD AND DRINK. 203 

■ ' 

its influence. The fact undoubtedly is, that it does not 
exert anything like the insidious seduction which is exer- 
cised by beer and wine. People do not habitually go on 
drinking more and more tea. Its use in injuriously large 
quantity is a rare exception, rather than a very general 
experience. The grave effects, which have been alluded to, 
are never produced from the mere dietetical use of tea, taken 
in the ordinary way. The only undesirable results that 
have been alleged against tea when so employed, have been 
a passing derangement of the functions of digestion, or tem- 
porary wakefulness and nervous distress, which, if really 
arising from the influence of tea, are quite sure to disap- 
pear on discontinuing its use. 

If there be any nourishing power in tea, it must be very 
slight in amount. Such good service as this favourite 
beverage appears to render, must certainly be in some sense 
different from that which is derived from actual food. It 
seems to possess, when employed in the most judicious 
way, some subtle capacity for sustaining the nerve-sub- 
stance in its work. Its exact mode of action in such 
circumstances is not thoroughly ascertained. But a large 
measure of actual experience tends to show that it is a 
refreshing restorative as well as an agreeable drink, and 
certainly not unwholesome when reasonably and judiciously 
employed. It certainly quickens the breathing, and gently 
stimulates the intellectual operations of the brain. The 
fact is somewhat noteworthy that tea is more commonly 
found to be an agreeable and highly appreciated beve- 
rage where fermented drinks are not used, than it is 
when they are habitually taken. Nevertheless, like the 
fermented drinks, it must be classed as an article of 
luxurious indulgence, rather than as a prime necessary 
of life. 

The plant from which tea is derived is a native of 
Bengal, and apparently also of China, and belongs to the 
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same natural order as the camellias of the gardens,* It is 
most probably indigenous along the entire range of moun- 
tains which runs from Upper Assam, through China, to the 
river Yaog-tse-Kiang, and is now cultivated for its leaf in 
Hindoslan, China, and Japaa The name "tea" is the 
English form of the Chinese word liii, the designation 
given to the prepared leaf in the Province of Tukian.f 
The earliest mention of it occurs in an account given of 
the habits of the Chinese by an Arabian merchant in the 
year A.D. 850. The Jesuit missionaries who visited China 
and Japan in the first half of the sixteenth century, were 
familiar with it. It was first imported into England from 
Amsterdam, to which it had been conveyed from China by 
Dutch merchants, by Lords Atundel and Ossory in 1666, 
at a cost of sixty shillings the pound ; but the East India 
Company had two years previously sent a present of it to 
the king. This Company began to procure it regularly 
from Bantam in 1669. Their first importation in that 
year consisted of one hundred pounds ; within two centuries 
the importation into England had grown to nearly eighty 
milUons of pounds. 

At least forty distinct varieties of the tea plant are 
known. The leaf-buds and leaves are gathered by the 
hand at the instant of growth when they are in their fullest 
perfection. They are then dipped for half a minute in 
boiling water, and are afterwards stirred up in an iron pot 
heated over charcoal. The hot soft leaves are next thrown 
upon mats, and rolled between the palms of the hands. 
Under this treatment a quantity of yellowish green juice 
exudes. The rolling is repeated at intervals six or seven 
times. In the preparation of green tea less of this exuda- 
tion is pressed out. The leaves lose two-thirds of their 
weight in the drying. The fragrance is entirely produced 
• Ternslroniiai 






i Tha, aie other Chinese forms of Ihc word. 
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by the process of preparation. The dried leaf is never 
considered fit for use until it has been kept for twelve 
months. 

The most judicious method of using tea is to drink it 
in small quantities of fairly good strength. Some of the 
objectionable effect which has been attributed to tea may 
be rather ascribed to the large quantity of hot liquid 
habitually introduced into the stomach when it is inju- 
diciously employed, rather than to the nerve-influence of 
the tea. Not more than one or two small cups should be 
taken at a time, and these should be regarded as a supple- 
mentary light refreshment, to be partaken of some little 
time after a more solid meal, and certainly not to be 
indulged in more than twice in the day. When drink in 
more copious abundance than this is required it should 
assuredly be taken in the form of pure, cold water, rather 
than as a hot infusion. The additi6n of milk and sugar to 
tea obviously communicates to it some nourishing capacity, 
which it does not possess without these adjuncts. There is 
one incidental service which tea is capable of being made 
to render, of such high importance that it deserves to be 
especially noticed. It is well known that the most dan- 
gerous properties of impure water are neutralized if the 
liquid is boiled before it is used as drink. Now tea 
cannot be made without boiling the water. Cold tea, 
therefore, is at all times an excellent form of drink where 
the salubrity of the ordinary water supply cannot be 
depended upon, and it forms a very palatable drink if 
flavoured with a little lime-juice and sugar. Cold tea was 
thus used by the troops in the recent campaign in Egypt 
with excellent effect. 

There are some instances in which persons of delicate 
and sensitive organization are found to derive benefit from 
abstaining altogether from the use of tea ; but a very 
much larger number employ it, under the restrictions and 



conditions which have been named, with unexceptionable 
results, and certainly without entailing any unpleasant or 
objectionable consequences. 

Coffee, which by the mere influence of custom and 
accident, has become so intimately associated with tea, is 
the production of a quite different family of plants. It 
belongs to the same vegetable tribe as that which yields 
the Peruvian bark and ipecacuanha,* and the berry, instead 
of the leaf, is gathered for roasting ; but, singularly enough, 
the berry of the coffee contains almost precisely the same 
ingredients as the leaf of the tea plant. A white crystalline 
substance, so closely analogous to theine that it can scarcely 
be chemically distinguished from it, is procured from the 
crushed berry by the same method of extraction. It is 
also rich in tannin; and a fragrant and very palatable 
essential oil is produced in the process of roasting, In 
each pound of roasted and ground coffee there are forty-two 
grains of the white crystalline and theine-like body,t two 
hundred and eighty grains of tannin, and a little more than 
two ounces of an albumen-like and nitrogen-containing 
extract. It has in it also five ounces of other more soluble 
vegetable extracts, and six ounces of insoluble vegetable 
fibre is left behind in the dregs after the ground coffee has 
been subjected to the action of boiling water. Nutritious 
substance is hence present in coffee in considerably larger 
abundance than it is in tea. 

The coffee plant appears to have been originally a 
native of the highlands of Abyssinia, and to have been 
thence introduced into Arabia some time during the 
fifteenth century. It is now cultivated for commercial 
purposes in many tropical countries, and especially in 
Ceylon, Java, Brazil, and the West Indies. It is a shrub, 
• Cinchonace^. 

t Which however is called cageine, when it has been procaied 
from coffee. 
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or small tree, with shining evergreen leaves, and with very 
pretty clustering white flowers. The seed when fully 
matured, assumes the character of a bean, inclosed in a 
pulpy fruit. It is then principally composed of albumen. 
This bean is cleared of the outer pulp of the ripened fruit, 
and also of an external dry husk, and is then roasted over 
a fire in an iron pan, until the albumen is scorched into a 
crisp brown substance. During this process, a fragrant oil 
is produced under the operation of the heat, which then 
remains mingled in with the scorched albumen, and there 
becomes the immediate source of the agreeable flavour by 
which cofiee is characterized, and for which it is so highly 
prized. Some part of the white crystalline caffeine, 
originally elaborated in the seed, is no doubt dissipated by 
the heat employed in the process of roasting. 

Coffee must be freshly roasted and recently ground if it 
is to be taken at its best. The decoction is then more 
nourishing and less stimulant than tea ; but it is more try- 
ing to the natural powers of digestion. The fragrant oil 
tends to retard the process to a certain extent, and strong 
coffee is therefore not always a wholesome drink for persons 
of delicate or deranged digestion. If used indiscreetly, it 
is apt to produce disorder in the elaborating and excreting 
processes of the liver. As a general rule, it does not suit 
people of full and plethoric habits, so well as those who 
are of a spare and languid temperament Its influence 
upon the nervous organization is similar to that of tea. As 
with tea, it should be taken in moderate quantities, of fair 
strength, and should on no account be indulged in to un- 
reasonable excess. Coffee seems to have found its way 
into general use at a somewhat earlier date than tea. The 
first coffiee-house was opened in Paris in 1643, and coffee- 
houses were established in London soon after 1652. 
Twenty years ago, the yearly importation of coffee into 
Great Britain, had reached the very considerable amount 
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of sixty millions of pounds, and very much larger quan- 
tities are at all times consumed in France, Germany, and 
the United States, than in tea-drinking England. 

Cocoa and chocolate are produced from a plant which 
is a native of Central and South America, and which is now 
cultivated in Brazil, Guiana, and Trinidad. They are pre- 
pared from the seeds, of which there are several in each 
soft pulpy fruit. After the seeds have been removed from 
the pulp, they are dried, roasted, then freed from their 
husks, and afterwards broken into coarse fragments, in 
which condition they are known as cocoa nibs ; these nibs 
contain about the same amount of an albumen-like, and 
therefore nutritious, substance as coffee ; that is, about two 
ounces to the pound. But there is mixed with this a singu- 
larly large proportion of fixed oil, or, as it is termed, cocoa 
butter. One-half of the cocoa-nib is made up of this vege- 
table fat. In the preparation of what is termed " soluble 
cocoa," a considerable part of the butter is removed, and 
the remaining part of the nib is mixed up with starch, so 
that, when boiling water is poured on, the starch is con- 
verted into a kind of viscid gum, or mucilage, which then 
serves to suspend the finely ground and oily particles of 
the cocoa. Chocolate is cocoa, and starch or flour, made 
up into a sort of paste with sugar, vanilla, cinnamon, and 
occasionally with bitter almonds also. 

The cocoa plant is a species of the genus Theobroma, 
and belongs to a distinct family of the vegetable kingdom, 
to either tea or coffee.* Yet, strange to say, it also elabo- 
rates a white crystalline substance, analogous both in chemi- 
cal constitution and in phys'ological action to theine and 
caffeine. t Of this ingredient there are about 15 grains in 
each pound of the nibs. In the same quantity there is scarcely 

♦ Bjrttneriaceae. 

t The crystalline ingredient procured from cocoa is called " Theo- 
bromine." 
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more than an ounce and a quarter of insoluble vegetable 
fibre. All the rest is material that is readily taken up by 
boiling water. The beverage is formed simply by infusing 
the ground powders, or pastes, in boiling water, and mixing 
the infusion so constituted, with sugar and milk. The 
pleasant taste, as in the case of coffee, is due to the essen- 
tial oil and tannin ^ dissolved in the water. Cocoa is appa- 
rently more nutritious and less stimulating than coffee or 
tea. It holds a somewhat intermediate place between 
drink and food, and requires more aid for its assimilation 
from the organs of digestion, than either tea or coffee do. 
On this account, it does not always suit persons of weakened, 
or deranged, digestive powers. A promising and palatable 
form of this food-adjunct, has been recently introduced 
into use, in which very nearly all the thick oil has been 
removed, and a nutritious extract from some kind of bean 
or pea really valuable as a nitrogen-containing food, substi- 
tuted in its place. 
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LECTURE XIV. 

Hunger and Thirst. 

The quantity of food that is required to support the 
operations of a living human body during a day has been 
approximately ascertained. In the case of prisons and 
houses for the poor, where unproductive people have to be 
maintained in foir average health at the public charge, and 
where, therefore, it is an object that a sufficiency of food, 
without wasteful excess, shall be provided, this has been 
made the subject of careful investigation. It has been in 
this way found that a man of adult age and average size 
requires about five ounces of meat, or other nitrogen-con- 
taining product equivalent to it, and twenty ounces of dry 
vegetable food, every day, to enable him to support the 
ordinary waste of vitality and to maintain the weight of his 
body. Ranke's experiences in this direction have been 
already spoken of. Sailors in active service are kept in full 
vigour and health upon a daily allowance of ten ounces of 
meat and twenty-six ounces of dry, unnitrogenized vegetable 
food. 

But it is scarcely possible to adopt this plan of regulat- 
ing the supply of food by measure and weight in ordinary 
life. The need for seeking fresh food is, therefore, in 
unimpaired health, left to be indicated by a natural craving, 
which is termed hunger. This calls into operation a very 
urgent desire for food when the body begins to want a 
renewed supply, and it ceases to exert any influence when 
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the need has been duly met. In the state of simple nature 
this appetite serves as an efficient monitor, and its behests 
are loyally obeyed People grow hungry when they require 
food, and cease to eat when the appeased appetite declares 
that they have had enough. But in the artificially created 
habits of civilized society, unfortunately the hints of this 
friendly monitor are not so carefully noted as they deserve 
to be, and foods of high flavours are indiscreetly indulged 
in, on account of the satisfaction which they afford to the 
luxuriously educated sense of taste, or, as is commonly said, 
to " tempt the appetite," but, as a matter of fact, with the 
actual result of superseding the appetite by a less trust- 
worthy substitute, the artificially formed craving for the 
enjoyment of taste. When people use highly-seasoned 
and richly-flavoured foods, the natural guide is no longer of 
any avail, and more food is habitually consumed than the 
mere maintenance of vigorous health requires, with the 
ultimate result that the delicately constructed organs, de- 
signed for the removal of waste, have to be diverted to the 
task of getting rid of an excess which has no vital service to 
render. The healthy balance of the exquisitely adjusted 
mechanism is then destroyed, and the foundations are laid 
for further mischief, both by the overcharging of the blood 
with plastic material that can neither be worked up nor 
harmlessly laid by in store, and by the high pressure which 
is set up in the attempt to deal with the burdensome 
superfluity. 

A still further penalty is apt to be incurred by the sub- 
stitution of an artificial craving for the natural appetite for 
simple food. The condition of hunger is mainly due to 
some structural state that is periodically produced in the 
membranes of the stomach after a due period of repose 
from their vital labours, and that ceases to exist as soon as 
the secreting and digesting operations are resumed after due 
rest, in consequence of the introduction of new material to 
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work upon. But when this new material is introduced in 
undesirable excess, the vital structures are oppressed by the 
unmanageable load, and are brought into a state of embar- 
rassed action, which manifests itself by an uneasy sensation, 
or depraved craving, that is mistaken for hunger. This, 
indeed, is one of the most frequent accompaniments of the 
disordered state which is recognized as " indigestion," and 
which, as the name implies, is merely inability to perform 
the digestive work, brought on by the unnatural and unfair 
demands that are being made upon the powers of the 
organization. The disordered craving may generally be 
distinguished from the healthy appetite by the circumstance 
that it is increased, instead of diminished, by the taking of 
food. Hunger is appeased, but its depraved substitute is 
intensified, by a meal. As a matter of fact, an abundant 
meal of mixed food is five hours before it is finally passed 
on, in a duly pulped state, from the stomach, to be dealt 
with by the bile and pancreatic juice in the further part of 
the alimentary canal; and an additional interval of two 
hours is then also required for rest, before any fresh demand 
for active work can properly be made upon the organs. 
This, therefore, marks the period that should be allowed to 
intervene between meals, by persons in vigorous health and 
of unimpaired vital powers, who are abundantly fed. When 
meals are taken at more frequent intervals than this, it is of 
the utmost importance that they should consist of pro- 
portionally restricted quantity, and of easily assimilated 
material. 

It is not possible to fix the quantity of drink that is 
required each day by any fixed estimate or rule analogous 
to the one which Professor Ranke has approximately 
established for food, on account of the great difference 
that there is in the amount that is necessary at different 
times. For this reason it is even more important in refer- 
ence to it there shall be some natural indication competent 
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to serve as a monitor and check ; and this, indeed, is very 
efficiently supplied. Whenever the blood-plasma is getting 
too viscid and thick, a sense of thirst is produced, which at 
once causes an almost irresistible impulse to drink. This 
sensation is really due to the passage of the too viscid 
blood through the capillary vessels of the inner lining of 
the throat It is this which causes the feeling of dryness 
there. Whenever a sufficiency of water has been intro- 
duced into the blood to restore its proper degree of fluency, 
the thirst is satiated and disappears ; and whenever more 
water is introduced than is required for that purpose, the 
pores of the skin and the flood gates of the kidneys are 
opened to let ofi" the excess. 

But this system of natural regulation requires, it will be 
observed, that water itself shall be used for the quenching 
of thirst. If artificially prepared, and especially if fer- 
mented, liquids be employed as drink, instead of pure 
water, the nerves of taste are stimulated by the spirit, and 
by the various agreeable flavours associated with it, and an 
unnatural craving is in this way set up which is apt to be 
mistaken for thirst. In such circumstances, very much 
more drink is almost constantly taken than the mere pre* 
servation of the right degree of mobility in the bl/xxl 
requires, and the excess has to be got rid of, too r;ften at 
the cost of undue pressure and strain upcm the excreting 
organs. 

But too much water in the blood almoft certaintf xnttrnk 
also a larger quantity than can l^e conveniently ft^^/ftiiuio* 
dated in the channels of the circuhium, Tim fhi^J l/<ilk 
of the blood is made up of water, and therefz/f^ Muy uiiAim 
addition of water to the lir(uid involve* an ntul^m fiut(,tf^uiu^ 
tion of its quantity until the [;re««ure ff^Xn r«liirv«4 
the flood gates* But when the UUm^ 1% in un4m 
derangements of a particular kin4 «r« v«rf 1 
produced If the tkio, with U# Ujq t;^?l/idfil§ 
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blood is suddenly chilled by exposure to cold wind or rain, 
its vessels contract under the influence of the cold, and 
drive the chief portion of their liquid load in upon the 
unchilled, internal parts of the body. This leads to a 
double excess there. Already there was too much blood in 
all parts of the frame, and when the portions of the excess, 
which ought to fall to the share of the skin, are driven in 
from the skin to the internal parts, the excess becomes 
proportionally larger there. The blood gets " heaped up " 
in the internal capillaries. This produces the very common 
form of derangement in the vital structures which is 
technically known as "congestion."* The word merely 
means a ** heaping up." The disorders of such very 
frequent occurrence, which are known as " colds," are all of 
this class. They are congestions of some internal mem- 
branes of the frame, in which superabundance of blood is 
heaped up in consequence of so much having been driven 
in from the skin by the chilling effects of external cold. In 
colds affecting the head, congestion affects principally the 
capillary blood-vessels of the delicate membranes lining the 
eyelids and the nose. In sore throats the congestion 
extends to the mucous membranes lining the throat, and 
in chest-colds, attended with embarrassed breathing and 
cough, the congestion attacks the lining membranes of the 
air-tubes and air-cells of the lungs. 

The actual condition of matters which occurs in these 
congestions, can be seen by direct inspection in the case of 
the transparent web connecting the toes of the frog. If 
this be carefully adjusted before the glasses of a powerful 
microscope, and if its surface be touched with a brush that 
has been dipped in an infusion of cayenne pepper, the 
small branching vessels will be observed to contract upon 
the blood which is streaming through them. If the same 

* The word is derived from the Latin term congero^ which signifies 
to heap up. 
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part of the web is touched a few times in succession, the 
contraction of the small vessels disappears, and a very 
distinct enlargement, or dilatation takes its place. The 
delicate vessels lose their contracting power under the 
rough treatment to which they have been subjected. They 
become flaccid and exhausted, as if weakened by the 
previous strain. But the arriving blood is then " heaped 
up" in the dilated space, and lingers there instead of 
flowing nimbly on ; this is really congestion set up in that 
part of the web. In congestion of any vital structure, 
there is always an increased quantity and a diminished 
movement of the blood. In sore throats and colds of 
whatever kind, the mucous membranes of the affected part 
have exactly the same thing happening in their minute 
vessels that may be observed in the transparent web of the 
frog's foot when this is irritated by cayenne pepper. In- 
flammation is a still further stage of obstructive derange- 
ment of the movement of the blood through the capillaries 
into which, in unfavourable circumstances, congestion may 
be pushed. What then takes place can also be observed 
in the web of the frog's foot There is absolute stagnation 
of the flow of the blood in one part, and a greatly 
quickened flow through the other capillaries around, and 
through the arterial trunks which supply those vessels. 
The object of curative treatment, in all cases of congestion, 
is promptly to relieve the " heaped up " state of the 
capillary vessels, and to prevent the further stage of in- 
flammatory action from being brought about. 

If, at the instant of the first establishment of congestion, 
a sufficient quantity of the too abundant blood could be 
withdrawn from the deranged parts, this would effectually 
put a stop to the heaping up and overloading of the 
vessels. But, unfortunately, the removal of any material 
quantity of the blood is a removal of vital strength, and on 
this account is never now attempted, excepting in cases 
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of special urgency, and after grave consideration. The bulk 
of the blood may, however, happily be diminished, without 
any removal of the more vital and supporting portions of its 
plasma. The bulk, as has been seen, is mainly made up of 
water. If, therefore, the fresh accessions of water are, for 
a time, withheld, the bulk gradually lessens itself. One of 
the most certain means of quickly relieving the congestive 
derangements of colds is, therefore, to refrain altogether 
from drink until some feeling of thirst is established, and 
then to continue so far to limit the drink as to keep up the 
thirst fpr three or four days, or until all the congestive dis- 
comfort has been removed. Most persons can refrain from 
drink for two, and some even for three, days, without any 
other serious effect than the production of a feeling of 
listlessness and languor, accompanied by a small, easily 
quickened pulse and a dry state of the mouth, which ulti^ 
mately settles into thirst. But these symptoms all disappear 
when drinking is resumed, and leave no ill effect behind. 
When, however, abstinence from drink is adopted for the 
speedy cure of congestive derangements, the utmost resolu- 
tion must be exerted not to return to copious drinking as 
soon as severe thirst is felt. If this be done, the derange- 
ment certainly returns in full force, as if with a bound. 
The blood must be kept within the limit of thirst ; or, in 
other words, thirst, to a just tolerable extent, must be main 
tained for certainly some time. The way in which this 
usually effective method of curing a cold acts is both intel- 
ligible and obvious. When the bulk of the circulating blood 
is diminished a little below the usual standard of natural 
requirement, the needs of the healthy operations of life 
become so imperative that the main force of the stream is 
expended upon them, and no excess is left to keep up the 
extraordinary engorgements and congestions elsewhere. 
The small capillary vessels are then quickly relieved of 
their burthen, and after a few hours' or days' relief, as the- 



case may be, recover from their relaxed condition, and 
resume their ordinary calibre and firmness, or, as this is 
termed, lone. This expedient of refraining from drink is, 
indeed, so effective in its action, that it may be advan- 
tageously employed as a preventive as well as a cure. 
Persons who are unavoidably compelled to expose them- 
selves unduly to inclement weather, may generally protect 
themselves from liability to colds by simply placing them- 
selves beforehand upon a restricted allowance of drink. 
The old and time-honoured method of curing colds by 
keeping in warm rooms, or in bed, and by taking large 
quantities of demulcent drinks, is also intelligible, and in 
no way contradictory to the explanation here given of the 
influence of the dry plan of cure. It acts by drawing the 
blood away from the bternal parts, where it has been con- 
gest ively heaped up, back to the skin, and by finally 
removing a considerable amount of its aqueous portion 
through the cutaneous pores, as perspiration. In order, 
however, that this old method may be certainly efficacious, 
it is indispensable it shall be so managed that more liquid 
is thrown out through the pores of the skin than is taken in 
as drink. The warmth and perspiration must be steadily 
maintained, when once established, until the capillary 
vessels of the internal parts have been allowed to free 
themselves from their relaxation and to recover their tone. 
This plan also unfortunately has the concomitant disad- 
vantage and inconvenience that it leaves the person who 
has been subject to it very liable to the repetition of the 
congestive action on the occurrence of a chill. Confinement 
to the house, or protection in some way from external cold, 
therefore, needs to be adopted for some time after the first 
recovery. With the alternative plan of treatment, on the 
other hand, exposure to external cold may in most instances 
be safely braved as soon as thirst is once fairly established, 
and the recovery will proceed during the usual prosecution 
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of the business of life. It is, on this account, a very valu- 
able resource when intelligently apprehended and practised, 

The chief difficulty that has to be overcome in the 
application of this powerful method of preventing ot curing 
congestive colds, is that it requires an almost Spartan reso- 
lution to refrain from drink until the cure is accomplished. 
It is a notable circumstance that most people are so held 
under the thraldom of habit as to be unable to refrain from 
drinking even for a few hours. They unconsciously con- 
found the force of habit with the natural craving. As a 
matter of fact, severe thirst is rarely produced in most per- 
sons who have been drinking freely with less than from 
thirty six to forty-eight hours of abstinence. Vet there are 
few indeed who attempt the method of cure for the first 
time who will not insist that they are terribly thirsty before 
the first day is ouL This really means, however, that they 
are terribly weary of restraint from the mere customary 
indulgence of drinking. Few, nevertheless, who are able 
to acquire a rational control over their sensations and pro- 
pensities in this particular, will fail to avail themselves of 
the help, when they have once experienced the relief 
from more serious discomfort and more inconvenient con- 
sequences which the temporary exertion of self-denial 
secures ; and this more especially when they have once 
realized also the intensified enjoyment which the act of 
drinking, even in the most limited amount, confers during 
the continuance of the curative ordeal. 

Too free an indulgence in drinks, even of the most 
harmless character, is certainly very much more commonly 
met with than anything approaching to restriction. The 
most usual result of excess in this particular is a sense of 
uncomfortable fulness, palpitation, irregular action of the 
heart, and oppressed breathing; and these eflects are 
generally continued until free perspiration breaks out, or 
.jintil some congestive derangement is established. The 
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more nutritious constituents of the plasma, and even the 
red corpuscles of the blood, may be unduly washed away 
by the too copious use of even water ; such as is sometimes 
made by delicate persons who have acquired an irrational 
faith in water-drinking, and pushed their belief in its 
efficacy to an injudicious and unwarrantable extreme. In 
such cases the mischief is almost always indicated by the 
pallid and bloodless condition of the skin, and by a general 
sense of lassitude and weakness. On the other hand, the 
copious use of water as a drink may be made to render 
the most valuable service in cases where the blood is over- 
loaded with the unassimilated ingredients of a too generous 
and too abundant diet, and where the excreting organs are 
vigorous and healthy enough to bear the increased demand 
upon their activity which the proceeding unavoidably estab- 
lishes. Too copious indulgence in aqueous drink needs to 
be most carefully guarded against wherever there is de- 
fective power, or incipient organic derangement of either 
kidney, lungs, or heart, as it necessarily throws some 
increase of strain upon those vitally important organs. 
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Extract from Sir Henry Thompson's Letter alluded to 

at page 196 : — 

** I have long had the conviction that there is no greater cause of 
evil, moral and physical, in this country than the use of alcoholic 
beverages. I do not mean by this that extreme indulgence which 
produces drunkenness. The habitual use of fermented liquors to an 
extent far short of what is necessary to produce that condition, and 
such as is quite common in all ranks of society, injures the body and 
diminishes the mental power to an extent which I think few people are 
aware of. Such, at all events, is the result of observation during more 
than twenty years of professional life devoted to Hospital practice, and 
to private practice in every rank above it. Thus I have no hesitation 
in attributing a very large proportion of some of the most pdnfiil and 
dangerous maladies which come under my notice, as well as those 
which every medical man has to treat, to the ordinary and daily use of 
fermented drink taken in the quantity which is conventionally deemed 
moderate. Whatever may be said in regard to its evil influence on 
the mental and moral faculties, as to the fact above stated, I feel that I 
have a right to speak with authority ; and I do so solely because it 
appears to me a duty, especially at this moment, not to be silent on a 
matter of such extreme importance. I know full well how unpalateable 
is such truth, and how such a declaration brings me into painful con- 
flict, I had almost said, with the national sentiments and the time- 
honoured and prescriptive usages of our race If I ven- 
tured one step further, it would be to express a belief that there is no 
single habit in this country which so much tends to deteriorate the 
greatness of the race, and so much disqualifies it for endurance in that 
competition which in the nature of things must exist, and in which 
struggle the prize of superiority must fall to the best and to the 
strongest." 
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Carbo-hydrate food, functions of, 143 
Carbon, assimilation of, 26. 

,, solidifying influence of, 30i 
Carbonic acid, 27. 

composition of, 37. 
in air, 28. 
solubility of, 29. 
Cells of vegetable tissue, 11. 
Chyle, 59. 

,, corpuscles, 61. 
Cocoa and chocolate, 208. 

,, dietetic use of, 209. 

,, plant, 208. , 

Cofifee, 206. 

,, dietetic value of, 207. 

,, plant, 206. 
Cold produced by spirituous drink, 
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Colds and sore throats, 214. 

,, treatment of, 217. 
Colloidal structures, 193. 
Colourless corpuscles of blood, 79. 
Commissural cords of brain, 117. 
Congestive derangements, 214. 
Convolutions of brain substance, 117 
Cultivation of food plants, 51. 
Cuticle, structure of, 133. 

Delirium tremens, 105. 
Destructive waste of brain substance, 

118. 
Dextrose, 49. 
Diabetes, 89. 
Diastase, 94. 
Digestion, 43. 

,, nature of, 61. 
Distilled spirits, 166. 
Double circulation of blood, 96. 
,, course of, 98. 

Drink, transporting functions of, 156 

,, uses of, 154. 
Drunkards, length of life in, 195. 
Ducts, pitted, 12. 
Dypsomania, 194. 

Elaboration by plants, 26. 
Elements of vegetable structure, 

39. 41* 
Endosmose, 25. 

Enzymes, 93. 

Evaporation from leaves, 13. 

,, of water, 21. 

Excessive indulgence in drink, 2x8. 

External work, 14a 

,, amount of, 148. 

Fat, functions of, 145. 
Fermentation, process of, 158. 
Fermented beverages, strength of, 
170. 
drink, cost of, 188. 

medicinal influ- 
ence of, 184. 
nature of, 154. 
seductive power 

of, 188. 
temi>erate use of, 

185. 
absorption of, 

171. 
insiduous effects 
of, 195. 
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Fermented drinks not indispensa- 
ble, 172. 
Ferments, nature of, 93. 
Fever heat, 136. 
Fibrils of muscle, iii. 
Fibrin, vegetable, 44. 
Fibrinogen, 74. 
Fibrino-plastin, 74. 
Filaments of muscle, iii. 
Fire-water, 160. 
Follicles of stomach, 57. 
Food, constructive service of, 139. 
daily allowance of, 54. 
saline ingredients of, 146. 
substances, 43. 

,, of plants, 38. 

,, work service of, 139. 
Fusel oil, 166. 

Gall-bladder, 88. 
Gastric digestion, 58. 
,, juice, 58. 

,, acid of, 95. 
Gluten, 45. 
Glycogen, 83. 

,, analogy to starch, 84. 
Goodsir's views of secretion, 92. 
Grain-crops, 51. 

Granular pulp of nerve structure, 114 
Grape-juice, composition of. 161. 
, , fermentation of, 162. 

Grape sugar, 49, z6i. 

Haemoglobin, 76. 
Heart, action of, 69. 

,, double chambers of, 97, 

, , structure of, 69. 
Heat, radiation of by skin, 150. 

,, -regulating nerves, 151. 

,, ultimate destination of, 152. 
Hunger and thirst, 210. 

,, cause of, 211. 
Hydrogen gas, 33. 

,, metallic nature of, 40. 
,, properties of, 4a 

Indigestion, craving in, 212. 
Internal work, 140. 

,, amount of, 148. 

Intemperance, pathological results 

of, 181. 
Intoxication, nature of, T72. 

recovety from, 177. 
stages of, 173. 
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Kidneys and skin, action of, 723. 
capillary vessels of, 124. 
cortical structure of, 125. 
excreting ducts of, 124. 
liquid excretion of, 125,130. 
papillae of, 125. 
pelvis of, 125. 
position of, 123. 
saline excretion from, 131. 
secreting function of, 91. 
secreting vesicles of, 123. 
structure of, 122. 
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Leaf, structure of, 12. 

Liebig^s views of nutrition and 

work, 142. 
Liebrich's discovery of protagon, 1 19 
Lathicacid, 132. 
,, ,, excessive production of, 
183. 
Liver, lobes of, 87 
,, structure of, 87. 
,, uses of, 82. 
Lungs, air cells of, loi. 
airtub^ of, 100. 
capillary vessels of, 99. 
circulation in, 99. 
excreting functions of, 91. 
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Malpighian capsules of kidneys, 124, 

129. 
,, ,, uses of, 128. 

Malpighi's views of secretion, 92. 
Malting, process of, 158. 
Master tissues, 146. 
Meat used as food, 52. 
Medullary substance of Schwann, 

114. 
Metabolism of structures, 107. 
Miller's treatise on secreting glands, 

92. 
Movement, involuntary, 140. 
Muscle, destructive waste, 112. 

,, heat-generation in, 112. 

,, nerve, and brain, iia 
Muscles, blood supplied to, 113. 

,, capillary vessels of, 112. 

,, structure of, no. 

,, work of, 112. 
Muscular contraction, in. 

Natural wines, strength of, 163. 
Nerve-currents, 116, 
„ fibrils, 113. 



Nerve-ganglia, 116. 

,, influence, transmission of, 
118. 

,, pulp, molecules of, 1x9. 
Nervous apparatus, structure of, 

"3- 
Neurilemma, 114. 
Nitrogen gas, 34. 

,, properties of, 34. 
Nutrition, process of, 141. 
,, work, and heat, 138. 

CEnanthic ether, 165. 
Oil, vegetable, 50. 
Oleaginous emulsions, 85. 
Oxygen gas, 33, 34. 

II properties of, 34. 
Oxygenation of structures, 106. 

Pancreas, 90. 
Pancreatic ferments, 94. 

I, juice, 58. 
Paraglobulin, 74. 
Pepsin, 94. 
Peptone, 85. 

Perspiration, cooling influence of, 
136. 

,1 nature of, 134. 

11 quantity of, 13s. 

Phosphorus in nerve substance, 1x9. 
Plant life, service of, X48. 
Plastic substance, 45. 
Portal vein, 87. 
Proof spirits, i85. 
Protagon, 119. 

Proteid food, functions of, 143. 
Proteids, 46. 

Ranke's investigations on food, Z38. 

Rectified spirit, 186. 

Red corpuscles of the blood, 75. 

respiratory functions 
of 105. 

structure of, 75. 
Respiration, or breathing, 102. 
Rootlets, functions of, 10. 

Saliva, uses of, 58. 

Salivary glands, 90. 

Sap, rise of, 23. 

Sclerosis of organized issues, 193. 

Secreting glands, structure of, 90. 

,, organs, 82. 
Secretion, process of, 86. 
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Skin, capillary blood-vessels of, 133. 

perspiration tubes of, 133. 

pores of, 133. 

secreting functions of, 91. 
,, glands of, 134. 

structure of, 132. 
Sleep, brain pulp in, 120. 
Slow combustion in body, 106. 
Softening of brain, 194- 
Special sense, organs of, 142. 
Spleen, 91. 

Spongioles of roots, 10. 
Standard diet, 139. 
Starch, composition of, 46. 
, , nature of, 46. 
grains, 46. 
Stomach, capillary blood-vessels of, 

65. 
, , secreting glands of, 90. 

Stomata, 13. 

Sugar, a crystalline substance, 48. 

,, composition of, 47. 

,, solubility of, 48. 
Sweet-wort, 158. 

Tannin in tea, 201. 

Tea, coffee, and cocoa, 199, 

composition of, 202. 

dietetic value of, 202. 

plant, 203. 
Temperature of animal body, 136. 

,, regulation of, 150. 

Temperatures dangerous to life,i52. 
Theine, composition of, 200. 

,, properties of, 201. 
Thirst, cause of, 213. 
Thompson, Sir H., on fermented 

drink, 196. 
Trypsin, 94. 



fi 



II 



II 



Urea, 126. 
„ nature and composition of, 
127. 
Uric acid, 132. 
Uriniferous tubes of kidney, 124. 

Venous absorption, 60. 

,, blood, 107. 
Ventricles of heart, 97. 
Vesicles in organs of sense, iz6. 

,, of brain, 115. 

,, nerve-structure, 114. 
Villi of alimentary canal, 56. 
Vital energy, source of, 147. 
Voluntary movement, 140. 

Water, a liquid oxide, 40. 

,, carrying power of, 15. 

,, chemical indifference of, 19. 

,, composition of, 32. 

,, dissolving power of, 18. 

,, indispensable in drink, 157. 

,, in food, 156. 

,, liquidity of, 17. 

,, properties of, 9. 
Wind-pip)e, 100. 
Wine, 161. 

,, alcoholic strength of, 163. 

,, aroma of, 165. 

,, bouquet of, 165. 

,, flavours of, 164. 

,, strength of, 186. 

,, sugar in, 165. 

Yeast, action of, 159. 
Zymogens, 63. 



Simmons & Botten, Piinters, Shoe Lane, E.C. 



ll-7-U0<j.8.82. 



A LIST OF 

WARD, LOCK & CO.'S 

ILLUSTRATED GIFT BOOKS 

STANDARD WORKS, 

Suitable /(»• Rewards and Presents. 



BEETON'S GREAT BOOK OF POETRY: From Csedmon 
and King Atfied'i BhiIuus to Brawning udTEimysoa ; witb a upanic Silcciiiin 

EoglUh Laniuaee. With liluidiu of the Uiilory or the Poeiry of our Coubdt, 

and BiograpiiicHl Noiiqei of tho Poeli. Nbk Editiok, lUuitrttcd. In Ona 

haadsoms Voluine. roiral 8vo, ilolh gilt, gill edges, price aij. ; or b hiS-ail. iji. 

fimr Hmdnd Sngliik PtiU ay, TtprittnUd in Mi ye!i,mt. A utarali 

aUtcliat ^American Peemi, mli S/ifrafUa, ii aJJid In tkta. T/hh. it su 

i^et.aviiW qf UuGnmilAamilC*anfit cf Ou Enelitlk Laniliaet. al attt ht iti 

Higkat DtBtiepmiHti, ii fsuibli. /fol lia Han a TJunuiuid Vn/imuiJiaiit tttH 

aHLnrr™/tlUDiJ«tAH^Pei9- " "™" "* "'" "" 

NOBLE THOUGHTS IN NOBLE LANGUAGE: A 

Callection of Wise and Vinuoui Ulleiancei. in Proie and Vene. fiom the 
Wiiliugi of the Known Gieat nnd the Great Unknown. Wilh on Index of 
Aulhon. Complied and AnalyticaUyArraDged by HlNVV SovTHGAI'E. Author 
of " Many Thoughts of Many Millds/' &c- Koyal Sto, cIqeK DiEt, gilt ^deei, 

CBKlaiiaSjlicliiins/nimliiiyeriio^jaBAulAari.iHi^viiatiitcinllyncBmmimd 
Uui/lt full vAa can affrtciall undvalaillu Bat Tliiiu£llli if tUT BtU H^riltn. 

DAL^IEL'S ILLUSTRATED GOLDSMITH. Comprising 



a. of Wakefield." "ThsTnK 



flch of V, 

neous Pou , 

a Ekelch of Ihe Life of Oliver Gold] 



_._ "The Ca^ 



'.Sauted "f 



"The DcKcted Village, 
Jiaioro.- "11— iHTT™ 
<B.- ■• She 
nilh by U. 






D^Ll 






4 by tl 



BEETON'S BOOK OF ENGLISH POETRY 1 From Chaucer 

to Pope. Wilh Biogtapllica], Molicei of Ihe PoeU, and ii>imeroul fuU-page 

BEETON'S BOOK OF FAVOURITE MODERN POETS 
OF ENGLAND AND AMERICA. Wiih Biugraphicil Koiitcs and numeioui 
fuD-page niu&tmiiooi. Handaouidy bouad, doth Eil^ £^'1 eigizi.. loi. 6J. 

SABBATH BELLS CHIMED BY THE POETS. With 
Cokiured and olhcc lllutttauonl by BiuciT FolToi lad other Artiiti. doA 
gill, gill edgei, prico iDI.M. 



LmJm - WARD, LOCK &> CO., SalUhtry Sguart, E.C 



4 



FINE ART BOOKS. 

THE DOR& OtPT BOOK OP ILLUSTRATIONS TO 
TENNYSON'S IDYLLS OF THE KING. Wiih D«criptin! L«itiw« 
ud QunUiioDi from TciuiTSoa'i Poemi. by PenniuisD. In Ode MieciBuat 
royal 4(0 Voliune, conluiunE yt Kngravinn on Sted, frov tbe Ofifiu] Dimw> 
b(i br GurTAT* I>o>f . doih, richly gut, (ill cdgsi pric* 4it. 



QUSTAVB DORfe'S ILLUSTRATIONS TO THE 

ARTHURIAH LEGENDS. Royal tte, handumdr bonnd, clath, Hchlr 

(ill, (ilt «j|€i, prici i». ««h. 
I. The Ston- of Kim ArtbuTlod Queen Onlneven. From Ihe Ttndillou 

of the Sfythiail period of BriliJi Hisloiy. Wilihj Brelon, Norman, and 

Italian Chionideti and RomaocUU, and lam Ballad and Idyllic PoeUT. 

Wilh Nim Enpaving. on Sleel, from Dm-iEii by GusTAVi Dor*. 
■. The Story <i_ HcrKo the Enchanter and Vlvleo, ai nkled by the old 

Biitish and Btf ion Chrouiclcii aod in Uler Poelry, Wilh Nine Ensnvinfa 

on Sted, fteio Dtawioga by Gustavr Dost, 
h The Story of Bold andOenlnt. From lbs old Wdita, French, Gcnaac 



tliey thculd . . , 

Bodoato in price"— T'Ai Timtt, 



lalcr WriMrt. With Nine Knfravingt on Sled, from Dnwinsa 

lUhoiigh illuilniled by the lame remarkabla drawinfi sf GuiUve 
lally appealed in Ihe line, latre aod (ouly foliD pubUlbed IDnis 

(endt. . . . A> popular pfl-boaki Ibcy an predwiy whal 
■cauiiinUy printad OD the thjckaal paper, baadiomdf boudj and 



THOMAS HOOD, IlIuBtTatad by Quitavs Dori. VTith Nine 

En(nirin(i on Sieil, from Dnwinfa by OuaTaTa Doit, and many WsodcuB. 
Folio, doib filli t^^ edges, flx#. 

THOMAS HOOD, IIluBtrated by Birket Foater. With 

Twecty-iwo DrawioEs by KiBurT FoETIl, CDgraied on StecL Lane ikl 
doth gill, gill cdget, >ii. 



doth gill, gill edgei, ii 

iOMAS HOOD, 

Seriei io One VdumL. , , . 

Diawlngiby BiBKET Foster, eaquuiiely Eagi 

KEATS' POETIC ROMANCE, ENDYMION. lUastimled 
by E. J. PoirwTia, A.R.A. Wilh Sii MagniSnnI Proof Bngiarlnga br 
r. JouaMaT, from Paintingi br E, J, PavHTaR. Folio, clo& gilL lib 
odgea, PiDola, 4ai, " 

ZfMdbn. WARD, LOCX^ CO., Saliibitry Squart, S.C, 



I 



USEFUL AND ENTBRTAtNtNG BOOKS. 



DALZIEL'S ILLUSTRATED ARABIAN NIGHTS' 

RNTSRTAIKUENTS. With Dpnrdi of >D<iIUiiunlloutiT J.K.Miu 
KA.J.TiHHin, J.D. Watsoh, R, B. Houobtoit. G.J. Pimwh-l, im. 
Daliiu., lD£e[her i*iOk IditUI Lettcn, OrumfiDUl Bord«ni &c,, fiDsraYcd by 
tbs Brothen Dalubu In Ons lundioB.k Voliwe, dotfa, ikUf £■>> '"cI'p 
lidel, and edgE*, plica (U. 

TRAVELS IN PORTUGAL. By John Latovchb. TUid 

ud Chupet EdiliDD, wilti PhotDinph ud Mip. Ciowd Ito, clalh gill, pries ~ 
"Mr. Lilauche'a TtkcI) 3ie deliitatfully wriuco. , . . Hia book bufiirw 

iflpIeuADt; u full of Irbformation u it iBEparklLiii withhumaur."— nSjtA^/ffr. 

THE STRATFORD SHAKESPEARE. A Complete Anno- 
tated Edition of the Watki of Williak Shakesfiuk. Xdiled liy Chaklm 
KwiQHT. In SU VoU,. hilf-monjcco, <ii. 

BBETOH'S HOUSEHOLD AMUSEMENTS & ENJOY- 
MENTS. Acting CliuiiiIe«,Builuqua, CoDundruou. EiUEmu, Rebusei. ud 
Riulo. Wiih Coloured Froniiipiece aiid ni»ny olher Illustralioni. Crowo 8»o, 
doKb ipU, gill cdget, it. 

THE HANDY BOOK OP GAMES. By CapUin Crawucv. 
BUIUrIi, Bugatelle. Wbist, Lno, Cribbage, ChisE, Dralts, BulEfuunaa, 
EanOtcquel, AU Faun, &c., &c Crowe 8vo, dolh eU(.ji. 

Mtb.BEETON'S Bookof HOUSEHOLD MANAGEMENT. 

ddei, Time, Coiu, ud SeiEoni of the vuioui diihei, diieclioiD for CurinE, 

Hinu on Ihe UacaEemeni of Children, ibc Amnceinenl and EooDooiy of tha 

Kitchen. Dudea of Senuu. Iho I>aGlor, LhoI MemDiwida, and ajs BUli nt 

Pan ta >uil the Seauiu from jBDuarr to December. SlTonaty bsond, half- 

loan, pries 71. id. ; doth gilt, gdt edgai, it. 6d. : halfKslf, tor. M. 

V At M Hr,Jda^ Gift, Birt»ti0^ Btxi, er Fntnttaii«t ynbimt at oKyJirM 

ffl^ ytar.tr ufcHaHfonnivirturytiAaiivir, Mrl. Butm'l " HttHtluidMan- 

rnmunt" ii tniitlti Is Iki vny Jfnt flact. In kaif-cnif Hn^mg, prici kalf a 

fwmm. OuttthaiUlatl a lifitimt. .»»/«» mrmiy atry Ji^. 

BBETON'S BOOK OF NEEDLEWORK. Coiisistm£or67o 

.._ji i.n._ :.!. t.iin :_.! J I ^BWMIOwoifcinglhno. 



FUtanu, with full De»:ripiiani 

iBtiy Mlur Canlim iiti, it Mi titraerdinsTy CtUtctitit •/ tin 
tar iteomt t*r iiak, pu eicellence. Ar Ladies U ceimiH, (ttk fi 
SUIihit ajtd aimmJi t/ ittrk, ami FatttnH b/ tltfnt itjit at 



LIVES OF FAMOUS POETS. 

BtnoH, auinii.1., Ckadcii. CoLcainca, 



■.kaili 

By William Michabl 

D^ia.'oKvnsN! Go'tDlllITHl 
ow, Milton, Mooum, Por«, 

■"■■- -d W0«DSWOBT- 



HOOSEHOLD WORDS. Coodncted by Charlos Dickens, 
Complete in Nineteen Voli., dolh. hiU-tnund, 661. &£ | « ia Nioo Double ud 
Ou Single VoL, 6u. 

ItndtM! WARD, LOCKS,' CO., S^itbmy Sqmr*, M.C. 




POETICAL WORKS. 
WILLIAM WORDSWORTH'S WORKB. 

T}u tnly Camf UU EdlUau. 

The Complete Prose Worka of William Woidswotth, Edited 

by Rev. Alexanddi B. Gkobait, In 3 Volt., demy tnt, doth, iii. 
',' DiJicaliJ, fy lifnil firvtiisicn, le Hn MaiHTV, M^ alaitf rnilA Hd 
WF\:a/iM a AiUurlB \j-i,Mhkti P^m ly Wordswoith, addnitid It Oi 
'Bwof cm indiiig a gift cs^y nf kii ftitmi ie t^ Rtjal LUrary, Wiidier. 
WORDSWORTH'S POETICAL WORKS. 
The Royal Svo Edition, with Portrait. In One Vol., cloth (^t, 9r. 
The Centenary Edition, with Notes md Portrait, Six Vols., fcap. 

The Pocket Edition. In 6 Pocket Vols., doth, price 15^- 

The Imperial Svo Edition, with Steel Poitiut and full-page Wood 

EogTiiving!. In One Vol., clolh gill, gill edgot, pries m. 6d. 

The Illustrated Edition, with Portrait, Etchings by Edwim 
Edwabcs, Sava and Meooli by W. M. Rossbtti. Id Ou VdC, dolb gilt. 

Select Pieces from Wordsworth's Poems. In One Vol.i cloth 
In One VoL, cloth ^t, price y, td. 

SAMUEL TAYLOR COLERIDQE'S WORKS. 

Tlu Bitty AulMeriiid and CemfUU Editiimi Ruiucn) Peicn. 

Coleridge's Poems. A New Edition. Crown Svo, clolh, 37. 6d. 
Coleridge's Poems. Pocket Edition. Fott Svo, cloth, v. 6</. 
Coleridge's Dramatic Works, A New Edition. Fcap. Svo, 

of Church and State, Fonitli 

Coleridge's Lay Sermons. Third Edition. Fcap. Svo, clotb, at. 6J. 

Coleridge's Friend. Fifth Edition. Two Voli., fcap. Svo, cloth, 51. 

I cnniplel: Set of tha above, pries in. 



SHELLEY'S POETICAL WORKS. 'With Portrait. Ciown 

doih gUt, 51- 

POETICAL WORKS OF WM. MACKWORTH PRAED. 

ii by Iba Rev. DaawiHT CaLsxiDGS. U.A. li 

THE POETICAL WORKS OF JOHN KEATS. 'With a 

Mtmoir by LgiJ HouGHioN. la Ono Vol., crowo Sso, =!oOi gUl, ji. 
CHARLES LAMB'S ELIA AND ELIANA. With PortndtM. 
~ji One Vol., lap. Evo, dsth, piles u. U. 

Lftidtn: iVAUD, LOCK &• CO., Saksiury Sptan, B.G. 



ILLUSTRATED POETICAL IVOSKS. 



• TUt frmtr <tfSmctb» Uttrmltirt U in tU PhU." 



MOXON'S POPULAR POETS. 



WlLUAH HlCHML ROS! 



3, vlth Ksd Border Lino, Ciillt 



d llluiuiliQni. 



Tlu frwa tml Itit fuiUc, aiatln Gnat Britam »ml Mtr Cshniti. ltd li llu 
VmUd SlaUi, mUU i- iMr Wtimony U lit Immtiut nfiriarity a/ Utan. 
Mim'i PofHiar PatU tvtr any rtirr Hmilar allKli-mi /militktd ip a^ olktr 
kmi. Ttuir psuiirlSH iflht Ca^righl tmnti cfCtiltridg4,HKd, KiaU, Slullrji. 
Wtrdnmlli, and slhtrgriat Nalhnml Pttlt.ftacu tUi ttrin atnvt rivalry. 



I. Bjroii'i PmUokI Worlu. 
■. LonglsllDW'i FoetloaJ Worki. 
~7ordin'0itli'i Pastloal Work*. 
■Botf! PoBtlaal Worm, 
<. Bhellej's Ptwtloal Wami, 

}. fiaod'B Poetloal Wailu. 



tEe Four Scricl t:oaiplEte in Ude 

iL HUton''! FOoUaal WorkL 
13. O&mptwll'i FoatlMl Worki. 

Wilh Red Botdn Llnu, Criiica] Mei 
doth ti1<. Rill xlgt^ 

PRICB 8a. ad. 

AUtUUhtdin l>u/illmdng variili 



t- Pops'i PoBttaal Wailca. 

J, aairpBr'j Posuoal Woiki. 

i. Humoroiu Foonu. 

J. AmerliMn Pogius. 

B. Mrs. Hemans' Poatlaal WaiU. 

3. Tlmmsoii'i FoetlOBl Wocki. 



91, J. O, wtilttlsr'a Foetlaal Warki. 
>]. J. B. LowbU's PoeOoal WdH:>. 
■4. ?DiuiE*i PMtleal Warlia. 
■j, BIia,kBapau«'a Oamplets Wntki. 
(6. KBlile'aOtinitlaiiTMr, 



MOXON'8 FIVE SHILUNQ POETS. 

CiDini 8n, dolh gUl, IwvEllEd boardi, gilt I«p, ji.; half-morocco, Si. 
LonsfBllowa PiwUo&t Worlu. 
MtpinirbvWiLiiAM M - 

soott'i PmUdsI Worki. ^iib ^ 



H Michael Bos- 



Bood'a Oomlo Posnu. With Piefaca 
Thdhas Hood lh= VoungK, imd 
Mcom lllt.uaiions, 

enelMr'i PMUaal Works. Wiih Poi- 



KossETTi. Illutmud. 



Letiim^ WARD, LOCK 6- CO., SaHiitiry Sjua 



POETICAL WOJUtS. 
THOMAS HOOD'S WORKS. 

THE COMPLETE EDITION. 
The Complete Works ef Thomas Hood. In lo Vols. Con- 






In la VqIl, clodi. r"» SOI. ', half-oir a 



, Hood's Serious Pi 

t^racc by THOUAt Hood the Koucfer, Bud luu-paga miutntuDi. iuaa> 
«oinelr bound, doth fill, fill cdfcs, st. 

, Hood's Comic Poems. A New ftnd Complete Edition, with % 

- - ■ ~ UmMtioni Hud- 



*.■ Tk,!, tm, m 



. ciDIh gilt, Ellt cdgo, 



U Thohai Hmd> 



oc, Laughter from Year to Year. First Series. 



r, Laughter from Year to Year. Fiist and Second 
. Comnleit, wiih all ihe origicul IMuitnition! by CimRsHAKK, 
■bout Sjo. la busdsame biadioi. toiu In, dotfi lilt. 



Hood's Whimsicalities. A Periodical Gadierini 
added "Vorh and LuDcjuier," " Lost ud 



ing ; to Which aK 

1 by iKe Author. Jomi 
Crevn Bto, cloU ciU. 



Hood's Wit and Humour. Fcap. Svo, fancy wrapper, Xt. 
Hood's Whims. Jllusttated b; the Autluir. Fc^. 8r(^ fcn^ 

wIBMKr, II. 

Hood's Oddities, lUuitrated b; the Author, Fcap. Std, ha^ 



Lendtm: WARD, LOCK &• CO., SaHihity Sqmtn, E.C 



HANDSOME PRESENTA TION VOLUMES. 



y Edinnn. cloth Diaia, ^i. Dmp Editun on (bin paper, cloth c^it, I>. : 
a boardi, u, 64. /Strmla " Muxen'i ftftilar fatli" and " IVardmU 

POETS AND PAINTERS ; or, The Fielils and the Woodland*. 
Caniuting of Tiriacy-fout l^ctuna, printed in Celoun by Lbiqittcih Brnlben. 
With Versefl of chuacler and beauty flppropiuu 10 IbePictuTBip Handiomely 
bound, cloth gilt, gill cdECS, price 3ja. 

THE LAND OP THB BIBLE: Its Sacred Heroes and 



timt ^ AbtaluKn 



1, eloth gilt, eik edgBi, 

w Hbtory ofPaUiti'uJrtm IH 
iHfTtTMinlim-ndirTiHa. It 



■neflkiiworhUUtrmidtaCniKiaUl 
•am to that 0/ tk€ final Dnrriutuf 
a Tafi^Tafkical Dlscriftiim aflla . 

BUNYAN'S PILGRIM'S PROGRESS, from this World to that 

■■■ ■ [oCome._ >Vilh » Memoir of the Author by H.W. DntCitBM,Ph.D., 



I other lUuil 



Brolh^^Lz!sL. °P^^tuioi> £di 
gilt edeea, price loi. M.: crown Sit 
v.td. Cheap EdlliDD, wrapper, il.; clotb (ilt, ii. &f,; gilt edge 

THE PRINCE OF THE HOUSE OF DAVID; 

Yein in ihe Holy City, By Rsv. J. H. Ingrahah. WI ' " ' 

othef Illuitnlioni. Crown B«o, clolh gilt eilri, gilt odg-^ , 

gill edgrs. Coloured Plitei, jj. 6d. Fcap. Sio, dfoth gill, Colouied Fi 

■f. 6d.-, dolhfill, gilt edges, u.: cloth gilt, ii. 6^.; orwuneoul vrapper, ir. 

THE CHRISTIAN YEAR: Thoughts in Verse for the Sunday* 
■nd Holy Day '^ToiighQut the Vear. By J5hh Kni,!. Small reap. Svo, clotb 
gilt, pUin odgDi. <i- elMhgJlt, ted humiahsd edgct, ii. W.; clathgUt, boy.bda^ 



II, td.: clMh gill. 



Three 

With Coloured FlBIei and 

gilt odgej, price iM.; doth gilt, 



giltedgcL 

fSHjtP' 



ai.i oin.!*- {ill edgeit, Jl. Cro*D Bva, doth glll. plait 



THE LIFE AND WORK OF JESUS CHRIST. By Rev. 

F.A.MAij,iisoK.Edilorof '■ Palsy's E-ideocej." "Hono Paulioaj,'' "But. 
let's Analogy," &c., in the "Christian Knowledge Serie.." With nomemiM 
XngrarlnEB, Crown 910, clolh gill, Jl. 

CRUDEN'S CONCORDANCE and BIBLE STUDENT'S 

HANDBOOK. muEItaled with <a Hg« of Engravings. InOue Handuaia 

Vol,, cUlh gUt, lu. 6d. Alio 10 be had without Appeudii or Dlustralloiu, ji. 6J. 

iVaid ahd Lock's Edilimt ii a Qxsom UHAatinciin Ciupkh. ami Iki mail 

•Mtlt Ikat kai njtr ttm iiiutdfrsm Itutras. In aJiiiliim tsUiCmcerJamc; 

i Xi/ltiim ctmpriai SuTi Packs m Wood EBcaAV]HGi,«iirfa» AffKHOW, 

^«™!&/w;larni/fer<(,rtH(iW''THEBiBLaSTiJDailT'sIlAiiDaooK,''aw(pi«.v 

HWfJ IHjtrmatio^ cakttlaUd tt At nf ttnrict to tht right rntding andvtdtr- 

itsnding a/ tht dtvinf nortl. 

JOSEPHOS (THE COMPLETE WORKS OP). A New 

AntiqSlieS'^Ilw le'i!r/"Md"'-nI'e''wai^'"ths™w."''' Wiih U!c of Ih* 
H&Dthor and Appenam, Marginal Notes giving the E?4ence of the Numlive, and 
One Hundred Paget oF Engiaiings. In One handsome Volume, royal dm, 
dath gilt, 11. Uli haltcalf, lar. 

~ d good, brag dearly pKnlad, and, Ha already 
vith view! and object-drawingt, not one H 
-nail, Talymfk. 



the wt«ent edlljoa Ls cheap v 
ukedT •et'iceably embeUiihed 



London: IVARD, LOCK &• CO., Salittmy Sfnan, M.C. 
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lOUilybound In A. 



FAMILY BIBL&S AND POPULAR COMMENTARIES. 

THE ROYAL ANTIQUE EDITION of tbe HOLY BIBLE. 

btSwMa'^d ud' 

hr. Sumptnouilj 

WoodCuTlnE. I 

Tlu Ctntrt PoKit ,f Iht itmiUM Mmdinr nf Ika SdiUs-i >/ ilu Helt BUb 
ntmnU Ruitn^ famem *ic!,m if" Tit SiKntJrtm th, Crett," andnl Hck 
crrwir tktrw an Mid^Hm Pi^niil, ^ Ikl/auT EvitigiSii,. TK€ lUiipt and 
^cckt kmit httH frefiftrtd 91 grtal tx^eiut if time and menty, 
THE ILLUSTRATED CHRISTIAN FAMILY BIBLE. 

Wilh MueIiuI Ndifi and Rererfoco, CgmplMS Bible DinlaDarr, Hinarial 

Tnndscciintieclinc Old and New TemmEnu, ;5 full-pagt Cdloured Plata u>d 

Mapi, Chrondlogical Tabid, Family Rcgisler, Ac Handwinely bsuod, 

morocco full gill, ot plain. 631- ; Ponian. ju. &/. ; Ftench morocco, ^aa. 

Tht Sola la tMt tTn, lati Sttftrt BibU mill tr/oundat smtt/kU, camprtlita- 

tivi, tnUIUgiilt. andcanjia, uUclid, Iht Rtftrenai kavi UtH carijiilfy rmiU 

hf an rmiiuHl CUrgyman, tkt Siblt DlcHwtry has btm IkgrBHgkly cemctid and 

rwvJud. and lit CArono^/jgical TabUt vHIl Ujimnd naurttU wd rrliiMtt iutvimf 

ittn aUa sart/nlfy rruistd, 

COBBIN'S ILLUSTRATED FAMILY BIBLE AND 

PEOPLE'S COMMENTARY. With Family Rcgiller, many Coloured PlaHa, 
and over i.ocD EnKravingt, Cloth, red edgii. 911. : batf-bouad. nd tipa. 

gill'erigM,4ii(,; Tutkty moiocco, jai. taC 

Trmlmrliy in ttfliatalltni and attnulait infirm. '•CsiiiifiFamify Sibil" 
mutl U pn>ninm<td fy/ar tii ChiBfitit nrr fnilisiid. Tki CummmUty, iy m 
c/mirimiiltminntBitliiatSckalan.iiiiabrfitindciimflfli: and l)u Enrravinrl, 
Flalii, and Family Rtgiiirr mill lofirm a Biili milailijbr all 



A BEAUTIFUL EDITION OF THE HOLY BIBLE, 

With llluuraiioni selected From Raphael's I^ctutH in the Vatican, adapted b* 
RoBEiiT DuDLp, superbly printed m Tmls, with Gold Borders, in thchialuat 

leatbei, ^01 a DesiBm by Owin j'onis, iiV. ; with rimi and clupi, 311. U. 
COBBIN'S PORTABLE COMMENTARY. With ittwo 
Noiei, CHtlol and lUustraQYe, ;o,oae References, Historical Treadle ennnect- 
in« the Old and New TMUmenti, various uscFul Table., and Nine Coloured 
Maps. Clolh, pit cdgeL 31. &/. s Frendhmorocca.hlindiEilt edges. SI.; Frencll 

'-- circuit, fir. td.i pinldn, beyelled hoards, blind, Kilt ' - . 

— .. ^gi„_ 6,_ fj . Turkey mo ■■' 



limp, Blind, Eilt ed^efl, yf- ; ditto, limp dm 



THE ANALYTICAL BIBLE, With 50,000 References, Ana- 
lyiical Notes, Hiitontal Connecdon of Old and New Teinmenli, Tuitnu 
uieTnl Tablet, and Nine Coloured Maps. Frencb numicca, SI. : ditto, dicuii, 
ti. td. J pigskim ii. td. i Turkey omrocco, jt. &/. i ditto, limp, yr. Sj. ; ditto, 
limp drcuii. loi. 6d. ; ditto, antique bevelled, red and gold edeei, pi. t tdoth, 
lilt ndici, ]i. 6d. 1 French morocco, poite grun, 61. id. 

THE COMPANION BIBLE. With AothenHc Notes on OrienUl 
■nd Seiiplural Hijtory, SceneiT, and Customs, Engndngs and Maps. Clotli 
utiqDe, red edeo, JJ. td.: French morocco, tor. «.: pieslin, 1*1.; Taiker 



.■ ffARD, ZOCJC ^ Ca, Saliihury Sjuatt, E.C, 



STANDARD TSEOLQGICAL WORKS. 

WARD AKD LOCK'S 

CHmriAN KNOWLEDGE SERIES. 

Price Oms Suillins nKh ; or doiIt bonsd, clolli fitl, h. id 

VttJir Uu ctmfrtJuHiiBi titlt, "The Chkiitijui KHOHLiDca SliiBi,'* i* 
'umd.inm urittefvtell-firinttdviiliiituttfitiiiiM^atmprTavkichrindtnt^Km 
KctaOli le aU, tiu taarla if tiaa ^riml and food mm win kae4 dmttd Iktir 
Vm and BUrfia la ^omiitntt, in IMr wrilmgi, Uit liigMnt mltnilt aj tktir 
,'iUom-crtatvr€it hy txtlainiKg and thiadatins tin eanout mbjttU iBtmecUd 
wiA XrHfim aitd Chirtiamn, tmdtute tutu urmd a tilitla tht nm^iiKgrmH- 
i_j. .1....—!^. 1 ■ — Juarl and nml f'm Ike grtltl irtriljlinijicl V vi)uck 



t^ t/ftitiTUy hy tmgaring itar 
it "llfinlify lit wayi ^Gtd IB ■ 



Cim/ldHil in Iht UUrftltal teytrj ^m numhtrt litu ntrii wi/i6tlAtr<mt»l)' 
1/ bidtfiniUly txliadilit Oi ranft nf llu infiiunn of thia afrii, /HilMfaimnd 



U^. 



iw ff that ratd and cluaf iditiemi ^tx 



I. Paley'a Evidences of Cbrisllanity. With Life, latradnction, 

3. Butler's Analogy of Religion to the Conalltution and 

Cdivh oC NituFt. Wilh Lira. Iiitraducliaa, Nolu, &c. 

3. Tayloi'B Holy Living, With Life, Introduction, and Notes. 

4. Taylor's Holy Dying. With Introduction, Notes, &e. 

5. Doddiidge'a Rise and Progress of Relie^ioo in the Soul. 

6. Paley's Natural Theology, With Introduction, Epitome, and 

Nslei. 

7. Keilh on Prophecy. \By tfiaial arrangtmiHl viiti tit Author.) 

8. Bunyan's Pilgrim's Progress. With Memoir of the Author by 

H. W. DUICHBN, Ph.D., and icn lUusMQon!. 

9. Paley's Hoi« Paulinie. With Introducliun, Epitome, and Notes. 

Hand and Hart uyi 1—" Tht publiihen well duirve Iha Ihanlu of Ihe com- 
Bunhy foi thiiaotileeSort. ThcT are niini ElTeclivelv ddoE ths work Dfa 'Ctiii- 

ine EkEcncy for (he dtculadoa of GrU-clau [hujoekat works wo ^B41y conunend 
Ihu -CtuuiUn Knawledge Serial' 10 the notice oE all ouTRiden." 

Lltyd'i A'f«4j)d/<r safi:.^"Wt cm uiuteoui leadiii that tb< nt-up of tba 
two •olunei an ouclablo ii eiceUeal, and, at the prii:e, wnnilerful. The notes ua 
■hort, mtdwhelu idU more oollcsble, geSErlllv 10 the point. The epltame of bslll 
■olumci <i enFllcnlly conceivsd, and i> calculated u impitss the book deepl)r on 

Tkt Wtlklj Timll 1—" Eviry TDang mu or youm woman, every 0ns whs 
upirei IQ independtnl Ihouiht, ibould be tiudenti dI| ind poueisan ai, these 

r Tlu PuhStkiri kavi itnt Javnrtd with Mlm from hm if tit kigtat 

.. ... , ., ^, . .. .^ " jiami, and lit fHncijht' ■-'——— -' 

it A^ittt t/rms ^tkt Ci 



Lmdim: WARD, LOCK ^ CO., Saliiiury Sftiart, B.C. 
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USEFUL AND INSTRUCTIVE BOOKS. 



KIRTON'S STANDARD RECITERS. 

s/Pnui and pHlicni 



idicating Vu ilfU in wlkick 
it'ilHHU ttfiviHinckiiKt ii frinitd mi mirludHai It tuiJitkt mtiliiv- 
i^ftriincrd I* afrtftr £Siitiy ; tack valnmi U chaiifitd tadir an alfkaiiticat 
mmmraumlfftntjalt.Mndimt m nrmflrU indtx; nt Hta efptan men tbm 
emt in IJU tena; etni"U hinti and inaincUtv art gtBin In jnuMt ierinnm ; 
ont.finaUt.taikvtbaiuiifTiKlidinfod.eltart'fpitaHd it itrat^tiittmuL 



I. Kirton'B Standard Temperance Reciter. 
>. Kirtnn'B Standard Sunday School Reciter. 

3. Kirton'8 Standard Popular Reciter. 

4. Kinon'a Standard Comic Reciter. 

5. Kirton'a Standard Speaker and Elocutloniat. 

6. Kirton'B Standard Band of Hops Reciter. 



A DAY OF PATE. A New Copyright Novel by Rev. K P. Roic, 

Author of '■ From test la Emubi," "A Fagc Illuinined/'&q. U Tim Voli., 

RBBDYFORD ; or, Creed and Ch&racter. B* Rev. Silas K. 

HocKIKG.AulhoIDf-^Hcc Benny,"-' A;ccGrHa,"&c. With [uU-pJlES En- 

gravbfc. Crown BvD, dath filt, gElf cdifeB, y, 6d, 
COOK'S MONDAY LECTURES on Life and the Sotil, 

Eiotulloa and Matsiulliin, Biolac;, Tnnscendcnkiluiii and RfIIcIexi. Ao 

EumimUiaii a( Ihs Denlilj ud DaaUi of Modern Scicncs and PMisoshy. 

Bt R*t. Josvk Cook. In wmpper, price 11.: dolh gilt, u. 6d. 
MOODY'S TALKS ON TEMPERANCE. With Anecdotes 

By D. L. MooDV. Edited by /. W, Kiktom, LUD., Author of • Buy your 



BEBTON'S PUBLIC SPEAKER. 

DurlnbLE S[i«cliei of the Wotld'i Rretle 
pll. ji. W. 

THE KINDERGARTEN SYSTEM. AManual of the Geman 
" Hsillby and Happy" Methixl (or Ihe Educadaa of Vsufiii Childrvi. V/ith 
niuitmlioiii. Crown Bvoiboiirdi, U.I cloth gilt, u.«d^ 

£*mUM: WARD, LOCK »• CO., Salithiry Sguan, E.C, 



fOJt SOME JUUD/xe^ 
THE HOKE T/tEASUKE LIBRMMf. 

t. Stuloh. By Mn. W. M. L. Jat. Wni Coloand 

■■ The Prince of the House of David. ~ ' 

J. Hisa Edgewonh* Mani Tales. With 

f. Win Edgewortta's Popular Tate*. Colanicd 

J. The Throne of David. By Rer. J. H. Ikgkahak. 

i. Th« POlar of File. By Rer. J. K IsGitAajOC lllusOMei 

J. Anna Lee. By T. S. Akthvk. ntasMted. 

i. The Wide, Wid. World. By E. WrrHiMU. Ctriowied nhatt 

}. Queechy. By the tame With Colooied Qlostrationa. 

X Melbourne House. By the same. Coloured UlastratiaBl. 

I. Sceptres and Crowns, and The FIbe of Truce. By the Mm*. 

WHh CDlinrcd IDuuntiou. 

L The Pairchild Family. By Mra. Sherwood, Colonred UluiOt 
). Stepping Heavenward, and Aunt Jane'a Hero. By Mn. E. 

PuHTiw. With Coloured lUusmiions. 
(. llabel Vaughan. By Miss Cuuuing. Coloured ninstratiooa. 
t Dnnatlan. By Geace Kennedy. Coloured IIlDxtntioiUL 
S. Father Cleaent. By Ihe same. With Colonred niiutnUkilu. 
J. Holden with the Cords. By Mis. Jav. Cdoaitd niastiationi 
L Oncle Tom's Cabin. By Mts. H. B. Stowb. With a SkcoA 

o( ihe Life of Re». JosiAS Hkisoh. Coloured «nd atba lUuundoDL 
). Barriers Burned Away. ByE. P.RoE. Colooied Illuatraliooa. 
X Liule Women and Qood Wives. ByMiuALCOTT, Whk 

r. Prom Jest to Earnest. By E, P. Roa. Coloured IHustnUioafc 
t Near to Nature's Heart. By E. P. Roe. Cobnred Illosttalioaa. 
). Opening of a Chestnut Burr, By E. P. Rot Col. IUn*t. 
). What Can She Do ? By £. P. Roe. Coloured IlluatnUloBA 
;. The Old Helmet. By E. Wethehsll. Colonrad SliutnitiaMk 
S. Daisy. By the same. With Coloured innstralloBS, 
J. A Knight of the Nineteenth Century. Coiaond UnstntkiH. 
1. WotDan our Angel. By A. S. Roe. Coloured QlnatiatioM. 
). The Lamplighter. By Miss Cokmino, Colowed maMndaM. 
9. A Face Illumined. By E. P. Ros. Coloured lUiutratiMii 
I. The Story of Stoiie*. By Mn. Leathlet. DluatiaWd. 

Zm£n>; IVAXD, LOCK^ CO., SalUimy SfMrt, JLC 
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ILLUSTRATED GIFT BOOKS. 



THE aOOD WORTH LIBRARY, 



la 1*1 OooD Worth Librait m •fnb *nu tttn adm 
•Iftlititn fcT ptod iBtrtk in a tteli,—namttlr, tkl from 
^fiktrana qf -witdom, and l/u (hamt Iffimunmewt—art 
•lal am Htl latitfy lit mind, simlkfoad, vhoUlotiu 



tUd M wtiili Iki Urt/ 
'tiau ^ JtMouiiidgr, tig 

tnd rtrwK^k*njng Jaod 



Fully lUuilriled and hudumcly Innnd, dalh gilt, jr. id. each. 

1. Bunyan'H Pilgrim's Progress, from this World to that which 

ii ID Came, WiLh Memoir of [he Author hy H. W. Ddlcxbh. Ph.D., 

lOD Uluiliiliant by iHOMns Dauiei., Engraved by Dauisl Brnlben. 

t. The Swiss Family Robinson ; or, The Adventures of a SaUi 
Puior and hii Family nn sn Unlnhabiicd liland. Trantbled by HiKit 



n Unlnhabiici 

3. Andersen's Stories for the Young. 

Andsrbum. With vm? (uU-pege and other tugra-uig.. 

4. Andersen's Popular Tales for Children. ByH, 

5. AnK 



By Hans Chkistian 



a Jane Taylor's Poetry for Children. Containing 
alPoemi, Hymu foe lofiat Minds, and Khyme; for IhB Nunery- 



t The Wonders of the World, in Earth, Sea, lod Sty. By 

UncuJohk. Wiih t=3 Engrsvinsi. 
, Evenings at Home ; or, The Ju»enile Budget Opened. B* 

Mrs. fiAHBAULO and Dr. Aikhh. With many Eneravlngs. 

s : or, Antony Waymoulh. By 

13. Sandford and Merton (The History of). By Thomas Dav. 

With im EiKTBTingB by DAUin. Bicthera. 

14. The Boy's Own Sea Stories. Being Ihe Adventures of a 
Sailor In the Navy, the Merchant Strriee, and od ■ WhaUnH Crulu. ToM 
by Himult With (ull-pnge Eneraviii^s, 

16, Great Inventors: The Souri:es of their Uaefulneis, and the Re- 

luluof iheir EBbm. With 109 EoinviDgs. 
vf. The Marvels of Nature ; or. Outlines of Creation. With 40a 

EngnivlnEi by Dauibl Brothen. 
18. The Boy's Own Book of Manufactures add Industries of 

Wilhj«5EnEraiiDKaby DALZlKLBrothen. 



Lemlon: WARD, LOCK &• CO., SalLluty Spuiri, S.C 



tLLVSTRATBD GIFT BOOKS, 

The Good Worth Libkakv — cimtiKued. 
19, PAmoua Boys, and Hon they Became Funoni Men, WilQ 

M, TiiampbB of Perseverance and Enterprise. By Thomas 

COOPKB. With mnaj Engiaviagi. 
it. The Crusades and Crusaders. The Story of the Struggle fn 

tbB Holy Ssputchn, By J. G. Eegaii. Wilh luU-paie EasnnncL 
aa. The Merchant's Clerk ; or, Mark Wiltoo. Bj Rer. G B. 

The Adventures ol Robert and 

Z4. Holiday House. By CATHeaiNK Sinclair. With full- page 



»■}. The Bcottish Chiefg, By Jans Fokter. With foU-page En- 

trayingl. 

va, Life ThougbtB, Gathered from the ExtemporBneoui DUcoursei 

orHENivWARDBBICHIlE, Wllh Red Border Liou. 

31. The Christian Life. Bible Helps and Counsels for Everr Day 

throughDul the Y^ar. Willi Red Benlcr Lbet. 

3>. The Perfect Life. By William E. CuANHino. 

33. Sacred Heroes and Martyrs. By J. T. Hkadlev. Revised 

uid Edited by J. W. KiHTtiH, LL.D.. Author of "Buy your Own 
Cbctriei," 

34. Religion and Science;^ or, The Truth Revealed in Nature and 



lyjosi 



36. Household Sloi 



nLife. By 
y the Brothers GuMU, W. Hautf, &c 



i 



CHILDREN AT JERUSALEM : A Sketch of Modern Life in 
Sjria, By Mcb UoLHAH Huht. Eleguilir bound, doth |ill, colDuied tdgei, 

LITERARY CURIOSITIES AND ECCBHTSICITIES. 

Collected and Edited by W. A, CLOi;sron. A Book of Adocdotei, Laconle 
SayfDgi and Genu of Thoughl in Pton and Foelry. Cion tn, dMh gUI, 

THE TRUE HISTORY OF A LITTLE EAGAMDFFIN. 

By Tahu GmiNwoDD, Author at " Jaimcyi thrnuih Loodos," "AMi^l 

Id » Wmkhonse." " Silu the Car- " °~ •"-■■- »" ."-— ^ — 

dolh gik, prioa 3^. inL 



" &C. With bU-(HC* libtftntfaM. 



.' WASD, LOCK^ CO., Samimry Spiart, S.C. 



ILLUSTRATED BOOKS, 

THE FAMILY CIRCLE LIBRARY. 



^/Ub Coloured Plata and olhei lUiuUadoiu. 
a. Beatrice; or, The Unknown RelatiTei, By Catkkuhx Sim- 



4. Wondeis and Beauties of the Year. Popular and Poetical 

DcKTiptians of Ihr Wild Flswcn, Birdi, ud luiclt of Ihs Moolhl, Bt 
H. G, Adami. With Coloured FrDiiriipiscciiulmiiiyEiigraTiDgi. 

5, WoDders and Curiosities of Animal Life. B7 Gxokgi 

Kkaklsv. Wilta Colouied Fronlisplece mi many EngniiaEi. 
C. Nature's Gifts, and How we Use Ihem. A Familiaf Account 
o( oni Evciyd«y Wants, Comforti, ind Lmnirioj. By Gioiai Oodo. 
With Coloured Fronlispiec. and other lUuilntioni. 



r. Handsome He who Handsome Doea. By 
us. With Coloured and other Illuitralloiu. 

The Frigate and the Lugger. Bv Captain 



9, Tbe Sailor Hero; or, TheFngateandtheLugger. Bv Capt 
Ahhftiiohg. Aucb« of " The CniUa of iba Daring,' WUb taU-t 
lUustraEJoni. 

10. The Cruise of tho " Daring." A Tale of the Sea. B; Capt. 

AUUTMKO. Author •! "The SsiloTHeta," With Intl-ftCB lUuMnlloBi. 

11. Life's Contiasti; or, The Four Homei. Ky Mn, Oothkk 

Uahh. With Coloured Fnotiipiece ud other niuimtloDi. 
II. Populai Preacbera cf the Ancient Cburch ; Thar Lire* and 
theii Worki. By Re*. W. Wii.«)h. Wlh lUuitntloDi. 

13. Edwin and Maiy ; or. The Mother'i Cabinet. With Coloured 

Fnmtifi^ece ajid «ther Iltwtrmtioni. 

14, The Book of ChUdMB'B Hymn* and Rhymes. With Co- 

kMcd Fmliipiece ud KUy EugnTinfi. 



15. Loaki°E Heavenward : A Series of Tales and Sbetchei for the 

YwDf. By Javi C SiursoN. With Cobuiid Froniiipiecs mid muiy 
Snfiavlaii, 

16. Cbaractef and Culture. B; the Bishop of Dukhau, Canos 

Dali, Ik. With Pusages Klected ftom the Woriu of Emuml Dhiaaa. 

17. Pilgrima Heavenward, Bmtm of Counsel and Enoouwe* 

nent 1« th> Chriuian Lilo. Vlik CAnd TniDiltplKa, 

ImJM: W4RD, LOCK A* CO., SaHihtiry Spun, E.G. 




FOR EVERY BOME. 
Turn Pahilt Cntcui LisRAsr— <imA'ihui£ 



ih Fontaiu. 
r, The Converted Jewest. By Mn. Webb. Witk 

I Portfolio. First and Second 



93. Modem AccompHshnientH ; or, The March of Intellect Bj 
Cathbhih* SiHCLAiB, Anlhor of ••S^'aiQc,' "Modem Sodclr," *e. 
With Colouied Plaiei. 



37, Ballads &nd Poetical Tales, Selected from Pskcy, Ritsoi), 

EvAHS, Jakiesoh, Scan-, Ac 
aS, BettOD's Book al Birds ; Showing how to Rear and Manage 

thEO is Siclmeu and in Hultb. Willi CcTuuicd Pljitn by KAausoH Waii, 

». Beeton'B Book of Poultry and Domestic AnlmalB ; How 

lo Rue ud Manaet ^oa in Sidiaess oiid in HiiJlh. Wilb Cglgund 

FUlu by HiuiusoN Wkib, and over ido EDg)i>viii(>. 
31, Journeys through London ; or, Bye-wan of the Modem 

Babylon. By Iambs Ghiinwood, Author s(" A Night id a WuiktaauH," 

&C. With ij <IaubI»-pa|e EngraviDgi. 
31. Fanny Pem'a New Stories for Children. By the Authot of 

"FenLcavu.' Iltuicrated. 



34, Twenty Thousand Leagues Under the Sea. Fint uid 

Second Seiia ComplsM, By Julbs ViKHa. Wilh Coloutrf Plalm. 

35, The Wonderful Travels. Containing "Tourney into the In- 

ttiiot of lh« Eanh," and " Fiva Wetlii b a Balloon. By ioia VutMB. 



lemdn,: WARD, LOCJC &• CO., SaHOmy Spiart, M.C. 



PURE LirSRATUJiS BY CHOICE AUTHORS, 



THE GOOD TONE LIBRARY. 



TItt nhimli IntbatlJ mmltr Udi liad mrt thau rtalb, HitkiUu W*rla wkuh 
mrwiKBitcaicMlxUiUilivauaumindamdriBtakirklaiit ullueliaracUr. Can- 
t^miKtmUOiMmila/annmlwiatiU lit Mciumitii JiniMni ttfrtqvtmlb 
mttaeldnrl/ilkMiclaatfliUniuM.llittt Wi,Tb,Jairm,ihr tkt trr^ ej Ot 

Vimli^BitkSi^a, will bi warmly mkemid. TkiiuiKanf tlu AatOrtmrwin 
UnmHtmi ntMcltlU teidtta ^ can,ttt —Ir^/um, and wilt asstirt Octuilb Ihai 
f.-^ ImUaitd furily sf ifiril coHititHtt vu Itatling^tiiru tf iht "Good Tohb 

e •!. U. 

By Ee». J. H. 



P«l Sn, (legaDIIir bound, dolh giU, pn» 
. The Princo of the Houbc of David. 

iKiii:tHAH. Willi Calsund FiDDtUpiect. 
1. The Wide, Wide World. By Elizabeth Wkthcmll. With 



3. Queeehy. 

4. Melbournt 



B; Elizasrt'i Wbtherell. With Coloured 
HouBS, By Elizabeth Wethkrbli. With 



5. Uncle Tom'a Cabin. By Mrs. H. B. Stows, With Skdcfa of 

tliE Lin D.' R=v. JostAii HiKhOH. Coloured sod Mhu lUDUndotu. 

6. Stepping Heavenward. By E. Prentiss. With Ctdoored 

7. Hisloiy of the Faircbild FamUy. By Mn. Sherwood. 

Wilh Cslound Fidnliipi/Ci^ 

8. Anna Lee : the Maiden, the Wife, aod the Mother. Bt T. S. 

AiTKUR. With [llusmtioDi. 

9. Flower of the Family, By E. Prentiss. With Colonced 

10. From Teal to Earnest. By E. P. Roi. With Coloured 

Fiaotupiece. 

11. The Throne of David. By Rev. J. H. Inoraham. Illustrated. 
II. The PiUar of Fire. By Re». J. II. Inoraham. Ulostrated. 

13. Shilob ; or, Without and Within. By Mre. W. M. L. Jav. 

14. Holiday House. By Cj>— <£Bi.va Sinclajs. Wilh Colooied 

15. Little Women, By Louisa M. Alcott. With Coloured 

16. Good Wives. Sequello, and by ibeAuthoro^ "Little Women." 

With Colauied FitntitpiEce, 

17. The Lamplighter, By Miss Cummino, With Coloutod Front- 

18. The Old Helmet, By the Author of "•Queechy," Ac. With 
Cotouied Fiantisoiece. 

,D, Author of " Margaret 



ZsmS«m: WJBD, LOCK !>• CO., SaUilmfy Spurt, M.C. 



